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Studies on Cirrhosis of the Liver 
IX Structure of Shunted Blood Vessels in the 
Autopsied Cirrhotice Liver 
By 
Takashi Nakamura, Shozo Nakamura and Toshimi Suzuki 


From the Medical Clinic of Prof. T. Nakamura, Tohoku University 
School of Medicine, Sendai 


(Received for publication, March 29, 1961) 


The most chsracteristic changes in the hepatic circulation of cirrhosis of 
the liver are pathological anastomoses of blood vessels. They appear not only 
in the extrahepatic portal veins but also within the liver. The formation of the 
intrahepatic and extrahepatic shunts markedly decreases the blood flow directly 
concerned with the intrahepatic metabolism, contributing to production of hepatic 
coma, disturbance of liver cell function, and continuance of liver cell damage. 

The results of the investigations of Krez,') Popper and co-workers,*) and 
Hales and co-workers*) showed the presence of porto-hepatic venous anastomoses 
in the cirrhotic livers. According to Nakamura and co-workers*) the quantitative 
measurement of the intrahepatic shunted blood flow showed considerable in- 
trahepatic shunted blood flow in cirrhosis of the liver. The authors studied the 
morphological changes and pathological anastomoses of intrahepatic blood 
vessels in cirrhosis of the liver, as reported in the following study. 

MATERIALS AND METHODS 

Four human cirrhotic livers were used and acrylic resin was injected through 
the portal and hepatic veins, and in two of the four through the hepatic artery 
and vein. The specimens of tissue from six human cirrhotic livers, of which four 
specimens were from the same livers studied in acrylic resin experiment, were 
fixed in 10% formalin and embedded in paraffin wax; serial sections of 10 microns 
in thickness were stained by hematoxylin and eosin, elastic Weigert, Gomori 
silver impregnation, and the Masson trichrome method for connective tissue. 

One human cirrhotic liver was injected through the hepatic veins with 10% 
aqueous gelatin solution containing blue pigment, and through the portal vein 
with India ink. The specimen was fixed in 10° formalin, and the vascular dis- 
tribution of the specimen was studied in the frozen sections, which were 100 


microns in thickness and mounted in glycerin. 
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All of the seven patients had ascites and the two of them had been found 
to suffer from hepatoma (hepatocellular carcinoma). 

In addition to thes? specimens of the human cirrhotic livers, histological ex- 
amination of five rat livers with experimental cirrhosis which was produced by 
oral administration of 0.2 cc/100g. body weight of carbon tetrachloride three 


times a week for eight weeks, was carried out. The carbon tetrachloride was 


used in 13° solution in olive oil. 
These rats were killed and their livers were injected by the above technical 
method of the frozen sections of the specimens of the human cirrhotic liver. 


RESULTS 
A) Human cirrhotic liver 
1) Findings of acrylic resin casts 


The hepatic veins were flattened by pressure of the proli- 


(rross_ findings 
Their branches were reduced in number. 


ferating nodules and became tortuous. 
The above-mentioned changes of the hepatic veins were found in all specimens 
of four cirrhotic livers. The portal veins were also compressed by the regenerated 
nodules and became slightly tortuous too, but the portal veins were found less 
affected than the hepatic veins. Some portal branches were arranged in a 
basket-like fashion around the nodules (Fig. 1). The hepatic arterial branches 


were found increased in one of two specimens. 





Fig. Human cirrhotic liver. Acrylic resin cast. Black - 


Hepatic veins, White - Portal veins, Arrow - Branch of portal 


vein. 


Anastomoses between the portal and hepatic veins were demonstrated in 
three of four specimens and. some of these anastomoses were often of appreciable 
size, measuring from 0.5 mm. to 1 mm. in diameter (Fig. 2). 

Microscopic findings Acrylic resin did not go into the vessels narrower than 


those of 25 microns. Vessels injected through both the portal and hepatic veins 





Cirrhosis of the Liver 3 





e 
Ss 
J 
Fig. 2. Human cirrhotic liver. Acrylic resin cast. H - Hepatic vein, P 
‘ Portal vein, A - Anastomosis between the portal and hepatic vein. 
5 





Fig. 3. Human cirrhotic liver. Acrylic resin cast. H - Hepatic vein, P 
Portal vein, A - Anastomosis between the portal and hepatic vein. 60. 





Fig. 4. Human cirrhotic liver. Hepatic vein compressed by regenerated 
nodule. Weigert’s elastic fiber. » 35. 
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Fig. 5. Human cirrhotic liver. The septum contained many blood vessels 
with broad lumen. Haematoxylin and eosin. x 35. 


Fig. 6. Human cirrhotic liver. Atrophy of liver cells and sinusoids with 
the collagenous walls. Gomori silver impregnation. x 250. 





Fig. 7. Human cirrhotic liver. Surviving sinusoids in the septum. Gomori 
silver impregnation. x60 


in all examined specimens were numerous and. tortuous, and the numerous porto- 
hepatic venous anastomoses were demonstrated in three of four specimens 


(Fig. 3). 
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Fig. 8. Photograph of the paraffin model, H - Hepatic vein, P Porta 
vein, A - Anastomosis between the portal and hepatic vein. 


2) Findings of the histologic serial sections 

In all of six specimens, hepatic veins were compressed and strictured by 
regenerated nodules of various sizes (Fig. 4). Portal veins, protected by their 
natural sheath of connective tissue, were found less affected than the hepatic veins 
in this process. The septums contained numerous vessels with broad lumen 
(Fig. 5). Sinusoids between atrophied liver cells were widened and their walls 
underwent collagenous changes (Fig. 6). It appears that the disappearance of the 
liver cells and proliferated connective tissue keep step with the advance of the 
above-mentioned changes, and in the septums the sinusoids are dilated and. their 
walls undergo the collagenous changes (Fig. 7). Therefore, it is reasonable to 
presume that the multiple vessels in the septums are the pre-existing central and 
portal veins, and a large number of them is originated from the persisting sinusoids. 
Anastomoses between the portal veins and the hepatic veins were demonstrated 
in two specimens on the serial sections of six specimens. It seems that the porto- 
hepatic venous anastomoses develop from the pre-existing sinusoids in the 
soptums. The serial sections of the confirmed porto-hepatic venous anastomoses 
were reconstructed by paraffin model. In the reconstructed paraffin model, three- 
dimensional figure of the anastomosis was demonstrated (Fig. &). 

3) Findings of one specimen injected. with different colored gelatin 

The hepatic veins were compressed by regenerated nodules, and portal 
branches containing India ink were irregularly tortuous. In the septum there 
were more vessels injected through the portal vein than the vessels injected 
through the hepatic vein, and the multiple vessels were prominent in the broad 
septums. Many communications were demonstrated between the portal and 
hepatic veins as mixture of the different colored injection masses, measuring from 


8 to 65 microns in diameter (Fig. 9) 


In the studied human cirrhotic livers, anastomoses between the portal and 
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Fig. 9. Human cirrhotic liver. H Hepatic vein, P ~ Portal vein, 
Arrow — Anastomosis between the portal and hepatic vein. x 100 





Fig. 10. Rat cirrhotic liver, H Hepatic vein, P- Portal vein, 
Arrow - Anastomosis between the portal and hepatic vein. x 60 


hepatic veins were demonstrated in five of seven specimens. Grossly visible 
porto-hepatic venous anastomoses were less frequently observed than microscopic 
anastomoses measuring from & to 100 microns in diameter. Anastomosis be- 
tween the hepatic artery and hepatic vein was not observed. 

B) Findings of the experimental cirrhotic rat livers injected with different 
colored gelatin ' 

The hepatic veins were compressed by the regenerated nodules and became 
tortuous in all specimens of five rats. Histological normal architecture of the 
liver was distorted and the increase in connective tissue was found. These 
septums contained a network of numerous vessels injected with different colored 
gelatin through both the portal and hepatic veins. Communications between the 
portal and the hepatic veins were demonstrated in four of five rats, but the porto- 
hepatic venous anastomoses in cirrhotic rat livers were found less frequently than 


the anastomoses in the human cirrhotic livers (Fig. 10). 
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DISCUSSION 

A) Human cirrhotic liver 

McIndoe®? said that the venous branches were perceptibly reduced in number. 
Hales and co-workers*’ stated that the venous beds were reduced and venous 
reduction was often associated with fibrosis. The venous reduction was most 
pronounced in the hepatic veins, associated with fibrosis, and may be produced 
as a result of the venous obstructions due to regenerated nodules. Portal veins, 
protected by their natural sheath of connective tissue, were found less affected 
than hepatic veins, as proposed by Kelty and co-workers*. Some of portal 
branches were arranged, as Popper and co-workers*) well explained, in a basket- 
like fashion around the nodules. Recently “hepatic origin” theory of the forma- 
tion of ascites in liver cirrhosis, was advocated. Milnes-Walker?) reported that 
both the intrahepatic and. post-sinusoidal obstructions were important factors of 
pathogenesis of ascites. In our seven patients with liver cirrhosis ascites was 
found in all cases, and hepatic venous obstruction due to regenerated nodules 
of various sizes was found in all specimens. Anastomoses between the portal 
and the hepatic veins were revealed in five of seven specimens. If the resin cast 
method or color injection method was employed in all specimens, the porto-hepatic 
venous anastomoses would be revealed numerously in all specimens. These results 
corresponded with those of intrahepatic blood flow measured in liver cirrhosis 
by Nakamura and co-workers"). According to Popper and co-workers®), in 
cirrhotic livers, anastomoses between the portal and hepatic veins were visible 
only in the vicinity of the coronary and falciform ligament by vinylite injection 
cast method, whereas porto-hepatic venous anastomoses in size from 10 to 70 
microns in diameter were frequently observed in the cirrhotic livers which were 
injected with colored gelatin and India ink. Hales and co-workers*) observed 
that gross anastomoses between the portal and hepatic veins were present in 
8% of the cirrhotic livers, some of which measured over | mm. in diameter by 
the vinylite injection cast method. In the present investigation, which was 
performed by the method of acrylic resin casting, the porto-hepatic venous an- 
astomoses were demonstrated from 0.5mm. to 1 mm. in diameter in two 
specimens, but grossly visible porto-hepatic venous anastomoses were less 
frequently observed than microscopic anastomoses from 40 microns to 100 
microns in diameter. Popper and co-workers®) reported that vessels communicat- 
ed between the portal and hepatic veins develop from the pre-existing sinusoids 
in the s2ptums; their thought seems rather proper than Moschcowitz’s*) thought 
of newly formed granulomatous vessels. It appears that porto-hepatic venous 
anastomoses are presented numerously in cirrhotic livers containing broad 


septums. In the present investigation we could not confirm yet the evidence of 


anastomosis between hepatic artery and portal vein or hepatic vein. 
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B) Rat liver 


Popper and co-workers?’ said that in their experimental cirrhosis vascular 
connections between branches of the portal and hepatic veins were only occasional- 
ly noted and the septums, at least in the early stage, could be injected only from 
branches of the hepatic veins, but in the final stage could be injected from both 
portal and hepatic veins. In the present investigation, the septums contained 
a network of numerous vessels injected with different colored masses through both 
portal and hepatic veins, and anastomoses between portal and hepatic veins are 


revealed too. 


SUMMARY 


The intrahepatic blood vessels and intrahepatic shunted blood vessels were 
investigated in seven human autopsied cirrhotic livers by means of vascular 
acrylic resin casting, the injection of different colored gelatin through the vessels, 
and the histological examination of serial sections. 

In all the cirrhotic livers, the changes were most prominent in the hepatic 
veins, which were compressed. by the regenerated nodules of various sizes, became 
tortuous, and were reduced in number. 

The portal vein was found less affected than the hepatic veins, but some of 
its branches were arranged in a basket-like fashion around the nodules. 

The septums contained many blood vessels with broad lumen, which were 
considered to derive from surviving sinusoids. It is reasonable to presume that 
the porto-hepatic venous anastomoses develop from the pre-existing sinusoids 
included in the septums. 

Anastomoses between the portal and hepatic veins were demonstrated in 
five of seven specimens. Grossly visible porto-hepatic venous anastomoses were 
less frequently observed than microscopic anastomoses measuring form 8 microns 
to 100 microns in diameter. 

Histological studies of the serial sections revealed porto-hepatic venous 
anastomoses in two of six specimens. Three-dimensional figure of the porto- 
hepatic venous anastomosis was demonstrated in a reconstructed paraffin model. 

Histological examinations of the livers of five rats with cirrhosis due to carbon 
tetrachloride, which were injected with different colored gelatin, revealed the 
flattening and tortuosity of the hepatic veins in all rats, and porto-hepatic venous 


anastomoses in four of five rats. 
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The Effect of Niacinamide and Sodium Nicotinate 
on the Cardiac Output Both in Normal and , 

in the Coronary Ligated Cats 
By 

Ting Fei Huang 
Department of Physiology, Medical College, National Taiwan ! 
University, Taipei, Taiwan, China ‘ 
(Received for publication, April 6, 1961) t 


The decrease in the cardiac output (C.O.) following myocardial infarct is a 
main hemodynamic defect which is desirable to be corrected. Attempt was made 
in this study to use the niacin derivatives for this purpose compared with amyl 
nitrite and nitroglycerine, because the large dose of niacinamide has been shown 
to increase C.O. in dogs’. The experiment was carried out both in normal cats 
and in those with the coronary occlusion. 


METHODS 


77 cats weighing 2.0-3.5kg were anesthetized with sodium pentobarbital 
(40 mg/kg intraperitoneally). The C.O. was determined by direct Fick’s 
principle. Briefly, to draw the mixed venous blood in the heparinized syringes 
the small polyethylene tube was inserted into the right heart through the right 
external jugular vein. The arterial blood sample was obtained from the femoral 
artery. O, consumption was measured by connecting the tracheal cannula to a 
spirometer filled with O,. CO, in the expired air was absorbed by soda lime in 
a closed circuit system. Blood O, content was analysed by Van Slyke-Neill’s 
method using 0.2 ml of blood sample*). The anterior descending branch of the 
left coronary artery was ligated by a lateral approach from the left fifth inter- 
costal space under artifitial respiration. The ligation of the coronary artery 
was made by the two-stage method of Harris*’. Namely, the coronary artery 
was freed from connective tissue and accompanying veins for a few mm at a level 
of 2 to 5mm distal to the root. A double ligature was passed under the artery 
and divided. One of the ligatures was then tied snugly but not tightly around 
the artery with a No. 21 hypodermic needle used as a spacer. The needle was 
withdrawn immediately, leaving the artery constricted but not closed. The 
second ligature was tightened 10 min. later, totally occluding the artery. The 
chest wound was closed in layers and natural respiration restored. The C.O. was 
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measured before and after the intravenous administration of the drugs both in 
normal and in the coronary ligated cats. The results were tested statistically." 

In some observations blood pressure and ECG (PR-58 type, Japan R.C.A.Co.) 
were recorded simultaneously with the measurement of C.O. 


RESULTS 


1. The C.O. of the cats before and after the coronary artery ligation. 

The C.O. was measured in normal condition. Then the anterior descending 
branch of the left coronary artery of the animal was ligated. The C.O. was 
measured again | hour after the ligation. As can be seen in Table I, the C.O. 
decreased significantly after the operation. That is, the mean+s.e. of the con- 
trols was 450+48 ml/min. and that after the operation was 339438 ml/min. 


Taste I. Cardiac Output of Cats before and after the Ligation of the 
Anterior Descending Branch of the Left Coronary Artery. 





O, consumption | Arterio- Venous Cardiac output 
Exp. | B.W. ml/min. O, diff. Vol. % ml/min. 
No. kg 
| normal ligated normal ligated | normal ligated 
1 2.2 17.2 18.0 3.28 1.15 523 252 
2 3.4 12.4 17.1 4.70 6.55 263 262 
3 2.8 19.1 19.2 5.20 6.70 366 285 
4 2.0 11.9 13.3 1.95 4.93 610 270 
5 3.3 16.2 15.8 3.40 4.25 368 370 
6 2.7 18.1 18.1 3.15 3.45 575 524 
7 2.2 15.7 12.4 3.54 3.09 444 412 
Mean 2.69 15.80 16.30 3.60 5.17 449.8 | 339.2 
S.e. | 0.20, 1.01 | 0.97 0.40 0.74 47.5 38.1 


2. The effect of the drugs on the C.O. of the normal cats. 


5-10 min. after the drug administration in 13 experiments (Table II, A), 
niacinamide in total dose of 0.2 to 0.8 gm to cats weighing 2.0 to 3.5 kg raised 
the C.0. from 255+:32 ml/min. to 451469 ml/min. In 8 experiments, sodium 
nicotinate in a dose of 169 mg/kg i.v. increased the C.O. from 487+ 44 ml/min. 
to 589+75 ml/min. (Table II B). The depressor action of nicotinate was milder 
in strength and shorter in duration than that of niacinamide, Usually, blood 
pressure returned to the original level 1-2 min. after administration of nicotinate 
and 5-10 min. after administration of niacinamide. 

Amy] nitrite in total dose of 0.025 ml (approx. 0.86 mm*/kg) suspended in 
saline solution was administered intravenously. In 10 experiments, the C.O. 
showed a tendency to rise after the drug administration, but the increase in the 


C.O. was insignificant; on the average, the control was 466268 ml/min. and that 
of the tested was 588+64 ml/min. (Table II C). However, nitroglycerine in a 
dose of 0.324-0.035 mg/kg i.v. in 7 experiments had no remarkable effect on C.O. 
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TasBLe II. The Effect of the Drugs on Cardiac Output in Normal Cats 
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| Drug O, consump. | Arterio-Venous | Cardiac output 
| dose ml/min. O, diff. Vol. % ml/min. 
ae control | test control Pa control | test 
A. The effect of niecin amido j 
274 8.0 9.8 8.10 3.60 100 272 
200 21.3 14.2 6.00 4.20 355 337 
133 7.6 8.1 4.80 1.90 157 425 
249 15.2 15.6 6.55 2.65 232 588 
300 5.8 Pe 4.90 3.60 118 213 
300 8.1 13.7 4.80 1.83 169 695 
400 10.0 9.5 5.00 4.00 200 236 
250 | 19.5 14.5 6.15 1.30 317 1120 
312 | 16.2 11°5 4.50 3.40 350 339 
262 11.4 13.2 4.80 2.10 | 238 580 
200 12.4 9.0 2.86 3.00 | 434 300 
200 13.3 15.3 3.60 4.75 | 370 322 
240 20.0 21.0 7.40 4.80 | 270 | 437 
2554) 12.98 | 1225 | 5.34 | 3.16 | 254.6| 451.0 
18.4 | 0.74 1.01 0.41 0.30 | 32.0 69.0 
i | | 
B. The effect of sodium nicotinate _ : 
161 13.3 13.3 3.50 2.55 | 380 523 
150 14.4 15.3 3.34 2.81 | 432 538 
175 13.4 15.2 3.89 4.70 | 343 321 
156 | 16.2 17.2 3.88 3.20 | 418 538 
184 28.6 25.7 3.40 2.70 | 840 950 
167 15.3 16.2 4.00 | 4.10 | 381 391 
179 | 14.8 16.9 2.45 2.05 | 605 838 
182 19.2 17.2 3.84 2.85 496 614 
169 | 16.90 17.11 3.54 | 3.12 | 486.8| 589.1 
5.7 | 1.77 1.35 0.17 0.31 | 44.0 75.0 
C. The effect of amyl nitrite : a 
1.04* 14.2 12.4 | 3.30 5.10 430 243 
1.04 17.3 | 17.6 4.35 | 2.70 397 653 
0.71 16.7 | 190 | 5.11 | 2.75 326 692 
1.14 143 | 143 2.54 | 2.80 562 508 
0.78 17.6 >A 2.05 2.05 859 836 
1.00 20.0 15.7 | 2.58 2.95 775 534. 
1.00 14.3 ye a 6.05 2.82 237 610 
0.66 26.2 24.8 4.90 2.66 534 932 
0.83 15.2 | 143 6.40 3.20 250 447 
0.36 20.9 | 14.2 | 7.28 | 3.35 287 425 
0.856| 17.67 | 15.38 4.47 3.04 | 465.7; 588.0 
0.07 |' 1.25 2.41 0.57 0.44 | 68.4 | 64.0 
D. The effect of nitroglycerine oe <* 
0.43 | 12.4 10.5 1.80 | 2.80 | 690 ; 374 
0.13 12.4 11.9 4.35 4.10 | 285 298 
0.40 9.1 12.4 6.48 5.28 140 | 245 
0.31 10.8 9.3 1.70 2.85 635 | 326 
0.27 24.2 3 4.76 3.56 510 | 765 
0.33 i cf! 3.00 2.40 | 238 | 297 
0.36 13.8 10.5 4.90 4.45 | 281 | 236 
0.32 | 128 12.7 3.85 | 3.63 | 397.01 363.0 
0.035 2.1 25 0-66 0.40 81.0 62.0 
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The Effect of the Drugs on Cardiac Output in Cats after Ligation of 
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Drug | O, consump. Arterio- Venous 
dose ml/min. O, diff. Vol. ‘ 
kg | Control Test Control Test 
A. The effect of niacinamide 
363 12.4 10.5 §.25 1.95 
300 14.3 16.2 2.10 1.65 
285 15.3 13.8 3.05 5 4.05 
300 12.4 10.5 4.17 3.17 
300 11.4 12.8 4.20 3.65 
269 14.8 15.3 3.36 1.90 
300 9.6 9.6 7.65 4.20 
280 19.1 19.1 4. 10 3.40 
312 7.9 10.0 6.57 4.17 
300 14.3 16.7 4.90 4.60 
296 14.7 14.3 8.70 2.50 
210 27.1 24.8 5.50 3.05 
200 19.0 18.1 4.00 3.90 
285 14.80 14.74 4.89 24 
13 1.35 1.21 0.51 0.28 
B. The effect of sodium nicotinate 
137 18.0 19.0 7.15 7.15 
186 17.1 18.0 6.55 2.10 
178 19.2 21.9 6.70 6.25 
152 18.6 18.6 7.70 5.95 
200 13.3 12.4 4.93 2.39 
182 15.8 16.1 4.25 5.34 
182 16.2 eB 5.05 4.57 
182 16.7 16.7 4.28 3.70 
184 20.9 22.8 3.42 4.42 
176 17.3 18.1 5.56 4.64 
6 0.74 1.0 0.49 0.58 
C. The effect of amyl nitrite 
2.28* 11.4 9.1 2.25 6.14 
1.50 15.7 14.3 3.20 4.77 
0.50 9.6 10.5 4.82 1.98 
0.57 12.4 14.3 2.85 1.95 
1.54 | 17.2 18.2 2.86 3.94 
1.50 | 9.6 8.6 2.80 3.50 
0.80 18.1 20.0 5.70 ».10 
1.25 14.3 16.7 4.90 4.60 
2.04 15.3 12.4 6.40 3.37 
1.67 4.8 5.2 1.77 0.60 
1.67 | 9.1 9.5 6.40 1.50 
1.39 12.50 12.60 3.99 3.40 
0.17 1.21 1.36 0.52 0.48 
D. The effect of nitroglycerine * 
0.65 21.0 20.0 2.10 4.84 
0.28 11.4 10.7 9.60 8.95 
0.62 16.2 12.4 2.70 4.40 
0.48 17.6 14.3 1.90 3.90 
0.65 8.6 8.1 2.00 4.25 
0.33 15.3 16.2 5.25 2.70 
0.52 15.02 13.45 3.93 4.84 
0.07 1.80 1.96 1.24 0.84 


Cardiac output 
ml/min. 


Control 


235 
680 
508 
297 
272 
440 
125 
484 
120 
292 
169 
493 
475 


388 
612 


333.8 
39.0 


513 
490 
198 
435 
602 
341 
318 
292 
239 
269 
151 


349. 
43. 


ox 


mm?/kg 
1000 

119 

598 

925 

405 


292 


vol 


143 


Test 


535 
982 


234 
700 


815 
465 


532.7 
66.0 


266 
856 
350 
313 
520 
302 
374 
450 
517 


438.6 
60.0 
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in our experiment (Table II D), while Wégria reported the increasing effect of 
this drug on the C.O. normal persons®’. The depressor action of amyl nitrite 
and nitroglycerine in the doses used as described above, continued for 5-10 
min. and then gradually returned to the original level. 


3. The effect of the drugs on the C.O. after the coronary artery ligation. 


All of the C.O. measurements were carried out between 1 and 5 hours after the 
operation. In 13 experiments, niacinamide in total doses of 0.5-1.0 gm raised 
the C.0. from 35348 ml/min. to 533+66 ml/min. (Table III A). In 9 experi- 
ments nicotinate in total doses of 0.3 to 0.7 gm also increased the C.O. from 
334+ 39 ml/min. to 439+60 ml/min. at the level of P value between 0.1 and 0.05 
(Table III B). In some cases, S-T segment elevation of ECG tracings in lead 
II due to the coronary occlusion became distinctly less after administration of 
these drugs (Fig. 1). 


t } 
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Fig. 1. ECG tracings (Lead II) after i.v. administration of niacinamide 
and sodium nicotinate to the coronary artery ligated cat (No. 107, B.W. 2.0 
kg). Upper: control tracing taken at 2 and a half hour after the coronary artery 
ligation. Middle: tracing taken at 30 min. after 0.5 gm of niacinamide i.v. 
Note decrease in elevation of S-T segment. Lower: tracing taken at 5 min. 
after 0.5 gm of sodium nicotinate i.v. Note that S-T segment almost returns 
to the base line. 
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Amyl nitrite in a dose of 1.4mm*/kg suspended in physiological saline 
solution tended to increase the C.O. of the cats after the operation, but the effect 
was insignificant in 11 experiments carried out (Table III C). Nitroglycerine 
in doses of 0.52+0.07 mg/kg i.v. decreased the C.O. in 6 experiments on animals 
operated, but the decrease was statistically insignificant (Table III] D). Amyl 
nitrite and nitroglycerine did not improve the ECG findings in the coronary artery 
ligated cats. Therefore, administration of the nitrites to these animals does 
not seem to be beneficial from the viewpoint of the C.O. and ECG findings. 


The results are summarized in Table IV. 


TaBLE IV. The Effect of the Drugs on Cardiac Output both in Normal 
and in the Coronary Artery Ligated Cats. 





Cardiac output ml/min. 


Drug administered No. of (mean+s.e.) P value 
experiments < = 
control after drug 

A. Normal cats 
Niacinamide 255+ 18mg/kg 13 2554+ 32 451+ 69 <.01 
Sodium nicotinate 16916mg/kg 8 487+ 44 | 589+ 75 <.005 
Amy] nitrite 0.86+0.07mm*/kg 10 466+ 68 588+ 64 >.05 
Nitroglycerine 0.32+0.035 mg/kg 7 397+ 81 363+ 62 >.20 

B. The coronary artery ligated cats. 

Niacinamide 285+ 13mg/kg 13 353+ 48 533+ 66 <.05 
Sodium nicotinate 17616mg/kg 9 3344 39 439+ 60 > .05 
Amy] nitrite 1.39+0.17mm*/kg ll 350+ 43 458+ 65 <1.0 
Nitroglycerine 0.52+0.07 mg/kg 6 5574143 329+ 70 >.05 


DISCUSSION 

The decrease in the C.O. in myocardial infarction has been reported in 
human subjects*-*). In our experiment, the same was observed in cats after 
ligation of the coronary artery. In so far as reduction in the C.O. is the chief 
circulatory defect in sustained shock due to acute myocardial infarction, it was 
thought logical that the C.O. should be supported as well as possible*’. It is 
demonstrated in this study that niacinamide in large doses given intravenously 
increased the C.O. both of normal cats and also of those with the ligation of the 
anterior descending branch of the left coronary artery. The effect of increased 
C.O. persisted for more than 30 min. In the previous report!), the mechanism of 
the increasing effect of niacinamide on the C.O. of the dogs was assumed as a 
direct action on the cardiac muscle associated with a decrease of the peripheral 
resistance and this may be the same in the case of cats. The effects of the 
nitrites may be mainly due to the coronary vasodilatation rather than to the 


direct action on the myocardium. It seems harmful to use the nitrite in cases 


of coronary occlusion, because of its hypotensive effect and possible decrease 
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in C.O. as shown in our results, in which, however, as can be seen, considerable 
overdosage was administered. 

With the coronary ligated cats, in many cases niacinamide and sodium nico- 
tinate decreased the elevation of the S-T segment of the ECG, as shown in Fig. 1. 
These effects may be due to a decrease in ischemia of the affected myocardium by 
the increased collateral circulation. The heart rate was not significantly affected 
by these two drugs although a slight increase in rate was observed. The increase 
in the C.O. by niacin derivatives seems to be due to increase in stroke volume 
rather than in heart rate. It seems therefore that administration of niacin 
derivatives in large doses may be recommended for cases of coronary occlusion 
which is associated with the decrease of the C.O. and the increase of the total 
peripheral resistance without cardiogenic shock. 


SUMMARY 


Niacinamide in large doses (approximately 200 mg/kg i.v.) increased the 
cardiac output of normal cats and of those after the ligation of the anterior 
descending branch of the left coronary artery. Sodium nicotinate in large doses 
(170 mg/kg i.v.) had the same tendency, but less remarkable. These effects were 
compared with those of amyl nitrite and nitroglycerine in doses of 0.86-1.39 
mm?/kg and 0.32-0.52 mg/kg i.v. respectively, which had ambiguous effects on 
the cardiac ouptut in both groups of cats. The effects of these drugs on the 
ECG findings are also briefly described. 


This work was aided by grants (1959) from the National Council on Science 
Development of Republic of China. The author also would like to thank Dean 
H. Y. Wei for lending the ECG and to Prof. Y. Hosoya for his encouragement. 
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The Observation on the Electron-microscopic Pictures 
of Cancer Cells under the Actions of 
Chemotherapeutic Agents 
By 
Shungo Osato, Hajime Mori and Michio Morita 
Central Laboratory of Fukushima Medical College 


(Received for publication, April 8, 1961) 


In the previous paper we!) reported on the electron-microscopic pictures of 
cancer cells at their resting stage as well as in different phases of the mitosis. By 
the way, we have made a preliminary report on the pictures of cancer cells under 
the action of Citral, of which we had been investigating these 15 years the effect as 
a cancer chemotherapeutic remedy with some success?). In this paper we shall 
show the electron-microscopic aspect of the action of several anticancer remedies 
on cancer cells. The purpose of this work is, on the one hand, to see the changes 
of the fine structure of the cancer cells under such influences and, on the other, 
to know whether we can find any remedies to co-operate with each other in the 
chemotherapy of cancer. 

The method of taking the electron-microscopic photos was described in the 
previous paper. If we recapitulate some important points, the taken up cell 
sample was fixed as soon as possible, in our cases within 2 minutes, with a solu- 
tion of 1% osmic acid in veronal-acetic acid buffer of pH 7.3. The ultrathin 
sections of cells were made with Spencer's microtome. Hitachi's electron 
microscope of 100,000 magnification (HU 6 type, 1951) was used. Injections of 
anticancer remedies were made on the 4th and 5th day of inoculation of ascites 
tumors. Details of the doses and methods of application of the remedies will be 
given later. 

The following remedies have been used up to this time: 

Aldehyde (Citral); anticancer antibiotics (Sarcomycin, Carcinophyllin, 
Chromomycin); Nitromin (Nitrogen mustard N-oxide); Azan (8-aza-guanin), 
colchicine and PCMB (Para-chloro-mercuri-benzoic acid) 

As to doses for each remedy, it was so chosen as in proportion to doses for 
man. What PCMB concerned, the DL 50 for mouse is about 0.8 ml of 10-* mol 
solution in the peritoneal cavity. 

As to the body weight of experimental animals, mice of 15-20 ¢ and rats 


of about 150 ¢ were used. 
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RESULTS 


It is not easy to describe briefly changes suffered by cancer cells under the 
action of anticancer remedies. In general, observed with light-microscope the 
nucleus loses its fine net work of chromatin and becomes gradually picnotic. 
The cytoplasm changes its tone from basophilic into light acidophilic. The 
fringes of the cell membrane, observed by some specific method, gets gradually 
diminished and vacuoles of different sizes in the cytoplasma begin to appear. 
The peripheral part of the cytoplasma becomes fragile as if it were fusing away.*? 

Almost all the anticancer remedies cause more or less recognizable changes 
in the fine structures of the tumor cells in the electronic micrograph. Before 
describing the results, we must first explain common signs of degenerations 
produced in the electronic micrograph by these remedies. 


I. As to the nucleus: 


1) The normal impression of softness and flexibility in the cut-line of the 
membrane gets gradually lost and instead, gives an impression of hardened 
metallic wire. It gets somewhat thicker and increases in its electronic density, 
gives an impression of stiffness and its double structure and fine pores (or the 
rifts representing them) become difficult to recognize. 

2) Nucleolus. Normally shows an impression of a soft ball of tape like 
the capillary glomerule of the kidney. With the action of anticancer agents 
the nucleolus increases in electron density as a whole, deprived of its taped-ball 
structure. Sometimes it becomes weaker in density, fading away, in the 
peripheral part, for example when affected by Chromomycin. 

3) The chromatin substance is seen normally rather diffusely in the 
nucleus. As the degeneration of the cell goes on, it precipitates itself very often 
along the inner surface of the nuclear membrane and aggregates irregularly 
forming colonies of deposits. Sometimes the chromatin substance is changed 
into coarse granules, scattered irregularly and thinly. 


II. Cytoplasm : 


Some bodies, as mitochondria, vesicules, and granules in the cytoplasm, are 
quite sensitive to anticancer remedies. 

1) The mitochondrion changes often into a spherical form losing the double 
structure of its membrane. The cristae mitochondriales fall into disorder and 
then mitochondria as a whole into a dark body without structure or into a form 
looking as if it were a bubble or vacuole and then it disappears. 

2) Ergastoplasmic (endoplasmic) reticulum in the cytoplasm which shows 
ordinarily clear-cut figure, often loses the sharpness of contour and becomes 
destroyed and diminished in number. 

3) The ground substance of the cytoplasm, which is ordinarily homogeneous 
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Electron-microscopic Pictures of Cancer Cells 


and without structure, becomes coarsely granulous, usually scanty in the periphery 
of the cell. 

4) The cell membrane, which has usually many processes like fringes, gets 
smooth or deprived of those processes. 

All those cell elements suffer more or less under actions of anticancer agents. 

As to Golgi’s bodies and other not yet well defined granules, which are 
situated in the cytoplasm in the part corresponding to the gulf of the nucleus, 
and which are rather invulnerable to anticancer agents, we have not taken them 
up in this report. They have been touched upon in other places by our coworker, 
Mr. H. and Mrs. 8. Mori.*).5).*) 


DISCUSSION 
Before discussing the result of this investigation, it would be necessary to 


recapitulate some important data about each remedy. Some of the remedies 
tried, have their predilection site in their action on fine structures of tumor cells. 


1. Citral 


As to Citral we made preliminary report in our previous paper’. On the 
fourth day Ehrlich’s ascites hepatoma mouse as well as Yoshida’s ascites 
sarcoma rat were injected with 0.3 cc of 5°%% emulsion of Citral into the muscle. 
After 13 hours the ascites tumor cells were taken and examined in ultrathin 
section, under electron microscope. The result was that moderate changes were 
seen both in the nucleus (nuclear membrane, nucleolus and chromatin substance) 
and in cytoplasm especially in endoplasmic reticulum, ground substance and cell 
membrane. Mitochondria suffered. also but less than other fine structures. We 
noticed that the changes by Citral are not so keen as by Nitromin. Now we have 
repeated the experiment with Citral under different conditions. (As was seen in 
Table I). The changes of tumor cells are quite severer than the previous. Re- 
markable changes were seen ‘in nuclear elements as well as cytoplasm. Mito- 
chondria showed also quite obvious damage. But change of mitochondria by 
Citral is not so severe as by other remedies. As a whole repeated injection of 
Citral caused much higher damage than one injection. In any way degeneration 
of fine structure of this time is much severe compared with that of that before. 
We think it is partly attributable to better absorption of Citral-emulsion, 
owing to improvement of making method of emulsion. In any way the result 
is the same in this time as before, that change of mitochondria by Citral is 
less severe than other fine structures. (Fig. l-a, b, c) 

It is noticed that in the case of Citral injection spontaneous resistance of 
tumor cells by repeated injection was not seen. By the way it is interesting to 
find an electron micrograph in the course of mitosis under Citral. Here, 
notwithstanding Citral, mitosis seems to go on, the ground substance of the cyto- 
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TaBLe I. Protocol of the Changes in the Fine 





Strains of 


Doses, etc. Nuclear membrane Nucleolus 
tumor 

1) On the 4th and 5th | Yoshida’s Stiffened, thickened. | Tape structure in- 
days of inoculation, 2 | ascites | Double structure indis- | distinct. Faint in 
times.a day, in the | sarcoma. tinct. Chromatin sub- , periphery. 
morning and late after- stance precipitated on 
noon, 0.3 ce of the 5%, the inner surface. | 
citral emulsion into the 
muscle. 1.5 his. after 
last injection 8 cells | 
examined. | 

2) On the 4th day of in- ” Stiffened, and thickened. Tape structure a | 
oculation 2 injections Double structure visible.) little remained. | 
of 0.3 ce with interval Chromatin substance Faint in periphery- 
of 24 hrs. into the precipitated moderately 
muscle. Examined after on the inner side. 

6 hrs. 8 cells. 

3) On the 5th day 0.1 ce ” Double structure mode- Electronic density 
3 times with intervals rately visible. Chromatin diminished. Tape 
of 3.5 hrs. into the substance precipitated — structure indistinct. 
muscle and 2 hrs. later slightly on the inner 
6 cells examined. side. 

4) On the 5th day of ” Slightly stiffened. Dou- | Tape structure well 
inoculation 0.3 ce in the | ble structure visible to | visible. Impression 
muscle. After 4 hrs. 6 some extent. Slight pre-| of softness retained. 
cells examined. cipitation of chromatin 


substance on the inner | 
surface. 


In reviewing experiments “‘1)” to ““4)", we notice that the first three showed more or 
showed far milder change of the tumor cell. It is obvious that this difference is to 
4)" only one injection was done. The results of experiment ‘‘4)” are quite similar to 
after one injection of 0.3 cc of 5°, Citral-emulsion. Only that the damage of the cells 
standable with the reason that the absorption of the Citral-emulsion was far better in 
As a whole damage of mitochondria by Citral is not so severe as by other remedies. 


plasm changing coarsely’ granulous. It is remarkable that almost all the 
mitochondria were found in this case in the nuclear region. (Fig. 1-d). 
2. Nitromin (Table IT) (Fig. 2—-a, b, c, d) 

Nitromin is the most effective agent. Every element of the nucleus and 
cytoplasm suffers severely by full doses. We have, also, noticed that after a 
single dosing (for example with 5 mg nitromin in the case of rat) fewer tumor cells 
remain little damaged, side by side with greater part of cells in a high degree 
of degeneration. We once considered this to be a manifestation of early 
regeneration. (Addressed at the Eastern Japan Meeting of the Japanese Society of 















Electron-microscopic Pictures of Cancer Cells 21 
Structures by Remedy (a) Citral 
Chromatin a oe Ergastoplasmic Ground Cell 
substance reticulum substance membrane 
Made colonies In a few cells number di- Much destroyed Moderately | Fringes much 
or tends to. minished. Cut-line of the and diminished granulated. diminished. 
In some other membrane moderately in number. 
cells coarsely | stiffened. In some cells 
granulated. cristae markedly dimin- 
ished and irregular. 
Coarsely granu- Somewhat diminished. For Almost all de- Coarsely Villiform 
lated. Tends to the most part structureless stroyed and granulated fringes dimin- 
gather irregu- and darkened in the in- disappeared. and giving | ished. 
larly. terior. impression 
of stiffness. 
Coarsely In many cells the interior Almost dis- In many cells Villiform 
granulated. of the mitochondria dark- appeared coarsely fringes dimin- 
ened but cristae retained. granulated. ished and cell 
In a mitotic cell mito- In some contour is 
chondria go into the others very smoothed out. 
nuclear region between thinly and 
the chromosomes. Mito- irregularly 
chondria itself darkened, scattered. 
yet cristae retained. 
Moderately Cristae irregular. Somewhat Quite In some cells Fringes 
granulated. darkened. Number of diminished slightly diminished. 
Tends to make mitochondria not dimin- granulated. 
colonies. ished. Softness 


retained. 


less remarkable changes of all the elements observed, while in the experiment “‘4)” 
be attributed to repeated injections in “1)”—*3)” experiments, while in experiment 
those of the previous report, where the examination of tumor cells was done 13 hours 
in this time is somewhat stronger than in the previous experiment. That can be under- 
this time than before owing to improvement of making method of the emulsion 


Chemotherapy, Oct. 1959). As shown in the above protocol, we have since 
confirmed that after giving two injections of 4.5 mg and 4.0 mg of nitoromin with 
the interval of 20 hours and examining the peritoneal fluid after 7.5 hours, we 
could see that while good many tumor cells had been quite destroyed, there still 
were two kinds of tumor cells, one severely degenerated (Fig. 2-c) and the other : 
little damaged. (Fig. 2-d). Of 28 examined cells 18 were very much damaged, 
while 10 were not so much affected. It should seem quite natural for us to assume 
the latter to be originally resistant cells. It was in the first chemotherapeutic 


experiment in Yoshida’s sarcoma in the rat by Yoshida, that there were seen 


remaining intact a few tumor cells after a large dosing of nitromin, from which 
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Protocol of the Changes in the Fine Structures 


TaBLeE II 





Strain of | 





Doses, etc, Nuclear membrane Nucleolus 

tumor 
1) 1 mg. in the vein, | Ehrlich’s Membrane thickened. Electronic density 
after 1 hr. examined. | ascites | Double structure and fine) increased. Ribbon 

8 cells. hepatoma. | pores invisible. | structure 

| Chromatin substance indistinct. | 
precipitates on the inner | 
side. 
2) 12.5mg in the vein. Yoshida’s Membrane thickened | Tape structure 

Examined 30° directly | ascites | remarkably. Double lost and changed 

after death of animal. | sarcoma. structure and fine pores | into dense mass. 

4 cells. | disappeared. Density in- | 
creased. Intense precipi- 
tation of the chromatin | 
substance onthe inner | 





side. | 





| Stiffness and increased | Density increased. 
density of the membrane.| In some cells the 

| Moderate precipitation | tape structure 

| of the chromatin on the | retained. 

| inner side. 


3) 5mg in the vein 
examined after 15 hrs. 
14 cells. 


” 








In this group many cells with intense degeneration 
few of slight degeneration were found at the same 


4) 4.5 mg in the vein, 
after 30 hrs. 4 mg in 
the vein. Examined 


a)18 cells stiffened and 
thickened. Precipitation 
of chromatin substance. 


Tape structure lost | 
completely. 
Nucleolus changed 





into a dense mass 
without structure. 


after 7.5 hrs. among 28 
cells were. 


b) 10 cells changed slight- 
ly. Membrane some what 
thickned. Double struc- 
ture recognizable, fine 
pore not clearly visible. 


Tape structure well 
retained, density 
slightly increased. 
Impression of soft- 
ness is quite 
retained. 








In the group 4) cells greatly degenerated and those compara- 
5) 5 mg in the vein, 
after 7 hrs. 3 mg i. v., 
after 15 hrs. 5mg in the 
vein. Examined after 
7.5 hrs. 


| Similar results as ‘‘4)” were 
(group ‘‘4”’and ‘‘5’’) are divided 


is 
| | 
regeneration of tumor cells was to begin. The fact was verified in our experiment 
by the electronon-microscope. At the moment we could not differentiate the 


two kinds of cells, nitromin resistant and nitromin sensitive cells, in their fine 
structure. 
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by Remedyj(b) Nitromin (Nitrogen mustard n-oxide) 


23 





Chromatin 
substance 


Granular and 
distributed 
irregularly, 
forming 
colonies. 


Irregular 
colonies of 
chromatin. 
Coarse granules 
scattered 
thinly in the 
ground of the 
nucleus. 


Half of the 


cells granular, | 


while others are 
not. In a few 
cells coarsely 
granular. 


and 
time. 


Coarse irregu- 
lar granules 
scattered thin- 
ly and made 
colonies of 


high density. 


Almost norm- 
al. Not so 

granular as to 
be recognized. 


Mitochondria 


Diminished in number. 
Stiffness of the membrane. 
Changed into round or oval 
form. Cristae irregular or 
mitochondria change 

into a bag. 


Membrane thickened and 
increased in density. 
Diminished in number. 
Cristae invisible or 
mitochondria changed into 
a bag. 


Diminished in number. 
Membrane stiffened and 
thickened. Cristae lost for 
the most part. In a few 
cells cristae retained. 
Mitochondria changed 
often into vacuoles or 
darkened, structureless 
as a whole. 


Mitochondria are diminish- 


| ed or change into hollow 


bag or darkened structure- 
less cristae disappeared. 


Mitochondria retained rela- 
tively well. Membrane 
somewhat stiff. Cristae 
retained well. Mitochon- 
dria conserved in number 
and in order. 


Ergastoplasmic 


reticulum 


Diminished in 
number. Not 
clear-cut or 
destroyed 
extensively. 


For the most 


part destroyed. 


Lost the clear- 
cut figure. 


Diminished 
and destroyed 
for the most 
part. Few of 
cells retained 
the endoplas- 


mic reticulum. 


Endoplasmic 
reticulum dis- 
appeared 
completely. 


Clear-cut and 
normal in 
number. 


Ground 
substance 


Coarsely 
granulated, 
thinly 
scattered. 


Granular 
moderately 
or severely. 


In most of 
the cells 
granular 
coarsely. In 
such cells 
mitochon- 
dria are also 
disappeared. 


Changed into 
coarse 
granules, 
scattered ir- 
regularly and 
thinly. 


Slightly 
granular and 
appeared 
uniformly. 


tively less degenerated are distinctly to be differentiated. 


obtained in this group, so 28 cells of both groups 
into a) highly degenerated and b) less degenerated. 


Cell 
membrane 


Villiform 


| fringes 


diminished. 


Villiform 
fringes 
diminished. 


Villiform 
fringes 
diminished. 


Fringes dis- 
appeared 
almost 
completely. 


Villiform 
fringes dimi- 
nished. 


3. Sarcomycin (an antibiotic found by Umezawa) Table III and Fig. 3-a, b) 


It should be worth mentioning that a larger dosing of sarcomycin did not in 


a short time (in this case one hour after application of 0.3 g for a rat) show more 
damage, than a far smaller dosing after a longer interval (in this case 24 hours 
By the way it is noticed that 


after application of 0.03 g for a rat) (Fig. 3-b). 
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TaBLeE III. Protocol 
Strain of : 
Doses, etc. Nuclear membrane 
tumor 
1) 0.09 g in the vein. Ehrlich’s Thickened moderately. 
Examined after 1 h. ascites Double structure and 
8 cells. hepatoma. fine pores somewhat re- 


tained. Chromatin sub- 
stance gathered on the 
inner side remarkably. 


Double structure and 
fine pores not well 

| recognizable. Chromatin 
precipitated on the inner 
surface. 


Yoshida’s 
| ascites 
sarcoma. 


2) 0.3 ¢ in the vein. 
Examined after | h. 6 


cells. 


3) 0.03 g in the vein. 
Examined after 24 hrs. 


Moderately changed. 
Membrane thickened. 





| 


Nucleolus 


Softness reserved. | 
Tape structure in- 
distinct. Electronic 
density ordinary. 

| 


| _ ' 
| Tape structure and 


softness a little | 
reserved. Density | 
almost normal. | 


| 
Tape structure in- | 
distinct. Softness | 


18 cells. Double structure indis- | reserved yet. 
N ° . os Py » 
‘ tinct and fine pores Electronic density 
disappeared. Chromatin | about normal. 
substance precipitated | 
on the inner surface. | 
As a whole changes suffered by tumor cells in the 
among ascites tumor cells 24 hours after application of 0.03 g in the vein, of which 


a greater part were quite degenerated, while a few of them were still remaining in 


a low degree of degeneration ; this is, perhaps, what should be explained by the 
Mitochondria seem to be more affected 


phenomenon of spontaneous resistance. 
than other elements by Sarcomycin. 
Sarcomycin is not so severe as by nitromin. 


4. 


With smaller dosing nuclear elements do not show any remarkable change. 
Mitochondria and endoplasmic reticulum undergo more or less changes. 


heavier dosing changes in the nucleus begin to appear. 


In any way damage of tumor cells by 


Carcinophyllin (an antibiotic found by Hata) (Table IV and Fig. 4-a, b) 


With | 


Degeneration of the | 


tumor cells by Carcinophyllin is not so keen as those by nitromin. 


~ 


5. 
Fig. 5-a, b) 


Chromomycin (an antibiotic published by Takeda’s laboratory) (Table V and 


Experiment with chromomycin was done much more repeatedly than with 


other kinds of anticancer remedies. 


A large dose at one injection as well as 


2-3 injections of a smaller dose did not bring about so severe a change of the 


nucleus. 


The change of cytoplasma, for all that of the mitochondria was quite 


intensive, that of the endoplasmic reticulum and of the ground substance came 


next to it. 
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Fine Structure by Remedy. (c) Sarcomycin 





Chromatin Mitochondria Ergastoplasmic Ground Col 
reticulum substance membrane 
Not granular. A little diminished in Destroyed and | Granular, Ir-| Fringes dimi 
Softness reserv-- number. Membrane stiffen- greatly dimi- regularly nished in 
ed. Aggregated) ed. Darkness in the nished in distributed. number. 
into colonies. | mitochondria, fine struc- number. 
ture indistinct. Contour in 
distict. 
Chromatin dis-| Diminished in number. Greatly des Ground sub- | Fringes 
tribution some-| Membrane stiffened slight-| troved and stance dis diminished 
what irregular ly. Cristae arranged diminished in | turbed, moderately. 
but softness |, irregularly, and diminished) number. moderately 
reserved. in number. Some of the granular. 
mitochondria darkened or 
vacuolar. 
Granulation Diminished in number. Diminished in | Partly gra Fringes 
of the chro- Stiffness of the membrane. number. Des nular and diminished 
matin Cristae diminished and troyed much. | partly less —_s moderately. 
moderately. irregular. Some of the A few lamellar) changed. 
mitochondria darkened or form of en- 
vacuolar. doplasmic 


reticulum. 


experiment with sarcomycin are not very severe. 


6. Azan (8-aza-guanin) (Table VI and Fig. 6—a, b) 

We have done two sorts of experiments with this remedy, namely experiments 
with a single large dose and that of repeated injections of small dose. With a 
large dose of 20 mg to 40 mg in the vein for rats, both the nucleus and cytoplasm 
were damaged conspicuously, chromatin substance in the nucleus seeming to be 
the first, to change. By the repeated injections of smaller dose, the cell 
degeneration was very remarkable. In the latter case we are aware of the same 
trend of resistant cell ; in the experiment of 3.5 mg injected three times within 8 
hours we noticed that a few cells did not show a severe degeneration, while many 
cells suffered severely. 

7. Colchicine (Table VII and Fig. 7.) 

As colchicine stimulates mitosis of nucleus and the cleavage of the cell does 
not follow it, it is much used for the purpose of getting polyploid of plants. It 
was recommended as anticancer agents. Now-a-days it is seldom used in the 
cancer chemotherapy. Electronic micrograph shows changes, by virtue of its 
biological action, of nucleus especially of chromosoma, but the effect upon 


cytoplasma was not so marked. 


8. PCMB (para-chloro-mercuri-benzoic acid) (Table VIIT; Fig. 8-a,b; Fig. 9 
a, b, c, d) 
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TasLe IV. Protocol of the Changes in the Fine 
Doses, etc. Strain of Nuclear membrane Nucleolus 
tumor 
1) 10 units in the peri- | Ehrlich’s Not thickned. Double _| Impression of soft- 
toneum. Examined ascites | membrane and fine pores) ness well reserved. 
after 5 hrs. 8 cells. hepatoma. | reserved to some extent. | Tape structure 


| 
2) 50 units in the peri- | 


toneum. Examined 
after 5 hrs. 6 cells. 


3) 50 units in the vein. 
Examined after 5 hrs. 
6 cells. 


4) 50 units into the per- | 
itoneum. Examined 
after 5.5 hrs. 10 cells. 


5) 60 units into the vein. | 
Examined after 4 hrs. 
8 cells. 


Yoshida’s 
ascites 


| Sarcoma. 





| Chromatin substance 
| precipitated on the inner 
| surface slightly. 


| Slightly thickened. 

| Double membrane and 
fine pores reserved to 
some extent. Chromatin 

precipitated moderately 

on the inner side. 
Somewhat stiffened. 
Slightly thickened. Slight 
precipitation of 
chromatin on the inner 
surface. 

| 





| Softness not 
| conserved. 


| 
| 


| Tape structure 


somewhat indis- 
tinct. 


Tape structure was 
lost in part. Soft- 
ness conserved. 


partly indistinct. | 





| Stiffness double structure! Tape structure 


and fine of pores lost. 


slightly. | 


| | 


| Stiffened and thickned. | 


| obscure. Electronic, 
Chromatin precipitated | density diminished. 


Tape structure in- 


| Double structure and fine) distinct. Density 


| pores lost. Chromatin 
| precipitated slightly on 
the inner surface. 


slightly diminished 
and faint in the 
peripheral part. 


As a whole change by carcinophyllin is more remarkable in mitochondria 





This is a very interesting thing in our experiment. The action of PCMB on 
the nuclear elements is slight. On the contrary the changes suffered by the 
cytoplasm especially by the mitochondria is very remarkable. As we see in Fig. 9- 
In the interior, it shows all phases of 
degeneration from irregtlarity to thorough disappearing of cristae without 
undergoing any changing process of form. Very often a mitochondrion 
becomes a sack or dark body. The changes occur in 4-8 hrs. with moderate 
dosing (0.1-0.2 ml of 10-* solution) and in 1-2 hours with heavy dosing (0.4- 
0.8 ml.). 

PCMB has been studied with great interest in biology because of its SH 
binding action. 

SH-group is very important as it is intimately connected with enzymatic 
It is easily understandable that this 


d, mitochondria suffer very severely. 


reaction of glutathion, cystein and others,. 
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Chromatin 
substance 


Impression of 
softness. 

A little 
granulated. 


Chromatin 
substance 
somewhat 
granulated, 
tends to make 
colonies. 


Coarse granula 
uniformly 
distributed. 


Mitochondria 


Moderately diminished in 
number. Cristae irregular 


| and diminished. Memb- 


rane stiffened. 


In many cells destroyed 
and diminished. Cristae 
irregular, diminished. Some 
mitochondria tend to 
vacuole. 


Stiffness of the membrane. 
Cristae somewhat irregular. 


| Diminished in number. 


| Many mitochondria 


In some cells 
rather homo- 
geneous. In the 
others 
granulous. 


Granular, 
slightly. 


darkened. 


Cristae irregular. Many 
mitochondria are struc- 
tureless darkened in the 
interior or changed 
vacuolar. 


Cristae irregular, darkened 
in the interior or vacuo- 


| lized. 


than in other structures. 


group should not be restricted to mitochondria. 


Ground 
substance 


Ergastoplasmic 
reticulum 


Highly de- Coarsely 


| generated. granulated. 
| Scattered | Scattered 
| thinly. thinly. 


Moderately Coarsely and 
diminished. irregularly 
A few lamellar granulous, 
form. In some cells 


very thinly 
scattered. 


Granulous 
moderately 


In some cells 
slightly dimi- 
nished. In the 
others clear- 
cut. In some 
cells quite 
diminished. 


| Very diminish-|) Changed 


granulous. 
slightly. In 


ed in number. 


some cells 

thinly 

granulous. 
Moderately _| Slightly 
diminished. | granular. | 


But it is not so severe as that by PCMB. 


Cell 
membrane 


Villiform 


| fringes 


diminished. 


Cell mem- 
brane is more 
or less 
smoothed. 


Somewhat 
smoothed. 


Slightly dimi- 
nished in the 
villiform 
fringes. 


Villiform 
fringes dimi- 
nished slight- 
ly. 


The changes of endoplasmic 


reticulum besides those of mitochondria by PCMB were seen, but far slightly. 
In this place it would be necessary to give some consideration on Citral and 


PCMB. 


Citral is an unsaturated aldehyde of terpentine series with Cy. Citronella] 


is another unsaturated aldehyde of the same series. 


One of us, Osato, has been 


interested these 15 years in their anticancer action and used them against 
carcinoma of man as well as animal tumors. His experience of 15 years in clinical 
application of these aldehydes has been quite successful. With many patients 
tumor has diminished in size and with some patients (5 cases at least) tumor was 


thoroughly disappeared and free from relapse from 7 to 14 years. But the an- 


ticancer action of the aldehydes was neither drastic nor striking with advanced 
Osato has been seeking for remedies to co-operate with them. PCMB 


cases. 
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Protocol of the Changes in the 


TABLE V. 





Doses, etc. 


1) 0.25 y in the vein. 
After 90° a second injec- 
tion 0.25 y. Examined 
after 90°. 8 cells. 


2) 3 times 0.25 y each 
injected (twice in the 
vein and once in the 
peritoneum) with 90° 
intervall. 90° after the 
last injection examined. 
10 cells. 


3) 
in the vein. Once in the 
peritoneum) with inter- 
vall of 90°. 3 h 30° after 
the last inj. 10 cells. 


4) ly in the vein. Exa- 
mined 3 hrs. afterwards. 
4 cells. 


5) 2 y in the vein. Exa- 
mined after 2 hrs. 8 


cells. 


6) 3 y in the vein. 3 hrs. | 


afterward. 6 cells. 


7) 1 y in the vein after 
15 hrs. again 1 y, 24 
hrs. afterward for the 
third time 1 y in the 
vein. Examined 24 hrs. 


3 times 0.25 y (2 times | 


afterward. 14 cells. | 


8) 3 times 1 y with 
intervall of 24 hrs. in 
the peritoneum. Exa- 
mined 24 hrs. later. 6 
cells. 


Strain 


tumor 


Ehrlich’s 


mouse ascites} 


hepatoma. 


Yoshida’s 
ascites 
sarcoma. 


As a 


whole 


of 


Nuclear membrane Nucleolus 
Somewhat stiffened. | Tape structure 
Moderately thickened. | lost. Appears 
Chromatin slightly pre- | homogenous. 
cipitated on the inner | 

surface. 


Somewhat thickened. Tape structure in- 


Chromatin substance pre- distinct, 

cipitated moderately on homogenous. 

the inner surface. Double 

structure and fine pores i 
not clear cut. \ 


Tape structure in-| 
distinct. Electron 
density diminished. 


| Relatively well reserved. 

| Chromatin substance 
precipitated slightly on | 
the inner surface. 





Relatively well conserv- 
| ed. Chromatin precipitat- 


Tape structure | 
relatively very well 


ed slightly on the inner | reserved. | 
surface. | 
Well reserved. Ina few | Tape structure 
cells thickened. Precipita- distinct. Density 
tion of chromatin on the diminished. 


inner surface very slight. 


Somewhat thickened. 
Double structure 
indistinct. 


Tape structure 
indistinct, faint. 


| In some of the cells Faint, tape aN i 
chromatin precipitated | structure i 
on the inner surface. | indistinct. | } 
Double structure and | : 
fine pores reserved to t 
some extent. | | ’ 
Stiffened and thickened. | Tape structure t 

? 


Moderate precipitation | rather indistinct. | 
of chromatin on the 


inner surface. 





more degeneration of cytoplasma than nucleus 
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(e) Chromomycin 
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Chromatin 
substance 


Moderately 
| granulated. 
Somewhat ir- 
regularly dis- 
tributed. 


Granulated. 
Coarse granula 
scattered ir- 
regularly. Or 
tends to form 


\ colonies. 


Fine granules 
evenly scatter- 
ed. 


| Slightly 
granulated, 
evenly 
distributed. 


A little granu 
lated, tends to 
make colonies. 


Somewhat ir- 
regularly 
distributed, 
tends to make 
colonies. 


Granulated. 
Somewhat ir- 
f regularly 
gathered, or 
tends to make 
colonies. 


In some cells 
granulated. In 
the other 

homogeneous. 


<o 


Mitochondria 


Diminished in number. 
Stiffness of the membrane. 
Cristae irregular, indistinct. 
Slight darkenss of the 
interior. 


Cut-line of the membrane 
stiffened as wire. Cristae 
irregular or destroyed. 


Diminished in number. 
Cristae irregular. The in- 
terior darkened slightly. 


Cristae irregular. The 
interior darkened or 
vacuolized. In some cells 
diminished in number. 


Cut-line of the membrane 
seems like wire. Tends to 
be round or vacuolized. 


Diminished in number. 
Cristae diminished or 
disappeared. Many 
mitochondria darkened. 


Diminished in number. 
Cut-line of the membrane 
seems like wire. Cristae 
very irregular. The interior 
darkened. 


Somewhat stiffened. Cristae 


irregular or disappeared. 
The interior darkened. 


Ergastoplasmic 
reticulum 


elatively well 
reserved. 


elatively well 
reserved. 


Well conserved 


Diminished in 
number. More 
or less clear- 
cut. 


Not diminished 
in number. 
Clear-cut. 


Moderately 
diminished. 


Very diminish- 
ed. Few of the 
cells 
lamellar 

reticulum. 


has 


Relatively well 
reserved. 


and mitochondria changed mostly by Chromomycin. 


Ground 
substance 


Homogene- 
ous. 


Granulated 
a little 
coarsely. 


Rather finely 
granulous. In 
the peripher- 
al part thinly 
distributed. 


Not changed 
much, 
homogene- 


Ous. 


Granulated, 
irregularly 
distributed. 


Homogene- 


ous. 


Glanulated 
coarsely, 
irregularly 
distributed. 
Thin the 
peripheral 
part of the 
cells. 


in 


Evenly 
distributed. 


Cell 
membrane 


Villiform 
fringes well 
reserved. 


Villiform 
fringes 
diminished 


Villiform 
fringes 
diminished. 


Villiform 
fringes 
somewhat 
diminished. 


Villiform 
fringes dimi- 
nished. The 
cell memb- 
rane smooth- 
ened 


Fringes 
diminished. 


Villiform 
fringes 
diminished. 


Villiform 

fringes : 
relatively 

well reserved. 
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TaBLE VI. Protocol of the Changes in the Fine 





Strain of 


Doses, etc. 
tumor 


Nuclear membrane | Nucleolus 

| | 
Tape structure lost| 
in part. Softness 


1) 20mg in the muscle. | Yoshida’s Moderately thickened. 
Examined after 4.5 hrs. | ascites Chromatin substance 

















6 cells. sarcoma. precipitated much on | reserved. 
| the inner surface. 
| Double structure and | 
| fine pores lost. | 

2) 40mg in the muscle. | ” _ Not so thickened. Dou- | Completely 
After 1.5 hrs. 6 cells ble structure and fine | structureless. High) 
examined. pores not distinct. density. 

Chromatin granules pre- 
cipitated on the inner 
| surface. 

3) 3 times 0.875 mg with ” Stiffened. Double struc- | Taped structure 
intervals of 2, and 4.5 | ture and fine pores in- | visible. Somewhat 
hrs. in the vein. Then | distinct. stiffened. Density 
examined after 2 hrs. increased. 

6 cells. 

4) 3 times 3.5 mg with ” Double structure some- | Taped structure 
intervals of 2 and 4.5 what visible. Stiffness | retained partly. 
hrs. in the muscle. slight precipitation of || Changes partly 
After 2 hrs., 11 cells chromatin substance on | homogenous. 
examined. the inner surface. 

In this experiment many cells suffered severely. But some other few 
TaBLe VII. Protocol of the Changes in the Fine 
Doses, etc. Strain of Nuclear membrane’ | Nucleolus 


tumor 


1) 15 y in the peritoneal | Yoshida’s |Thickened. Chromatin | Tape structure 


cavity. Examined 4hrs. _ ascites precipitated on the inner | reserved. 
later. 12 cells. sarcoma. | surface. | 

2) 25 y in the peritoneal ” As a result of precipitated mitosis of the 
cavity. After 21 hrs. a | of the cytoplasma does not follow that of 
second injection of 15 y. chromosoma. A thick precipitation of chro- 
Examined 4 hrs. later. |, 
6 cells. 

3) 25 y each at twoin- | ” About the same as 2). 


jections with interval of 
21 hrs. Examined after | 
6 hrs. 12 cells. 


In the case of colchicine application, the chromosomes begin the action of mitosis. The 
of cytoplasm does not follow that of the nuclei, a large cell with several nuclei appears. 
chondria go often among the active chromosomes. 
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ne Structures by Remedy. (f) Azan (8-aza-guanin) 
Chromatin Mitochondria Ergastoplasmic| Ground Cell 
reticulum substance membrane 
| | ° — . ° ° ° . ~— ° 
t} Coarsely granu-| Diminished in number. Quite dimin- | Granular Fringes quite 
lated. Irregular Cristae diminished and in- ished. moderately. | diminished. 


distinct. Mitochondria 
mostly darkened and 
structureless. 


colonies 
slightly. 


Very coarse 


1) granules scat- | remaining mitochondria 

| tered thinly | round in form without 

| and irregular- | structure, vacuolized and 

| ly. its membrane stiffened. 
Moderately Markedly changed. Cristae 

| granular. | almost disappeared. Mem- 


brane stiffened. Many 
changed into vacuole. 


Tends to make! Diminished in number. 
colonies. 
irregular. In some cells 


well reserved. 


remained but only slightly changed. 


Structures by Remedy. (g) Colchicine 


Very rare in number. The 


Almost com- 
pletely 
destroyed. 


Destroyed 
severely. 


In some cells re- 
Membrane stiffened. Cristae| served to some 
extent clear-cut. 


In the other 
somewhat 
diminished. 


Very coarse 
granules 
scattered. 
Thinly. 


Very coarsely 
granular. 
Thinly and 
irregularly 


| scattered. 


In many cells 


granular. In 
the rest 
rather 
homogenous. 


Fringes dis- 
appeared. 
Cell mem- 
brane 
smoothed. 


Fringes dis- 


appeared. 
Smoothed. 


Fringes quite 
diminished. 





Chromatin substance Mitochondria 


Many colonies of chro- Cristae well 
matin substance with — reserved. 


Somewhat changed. 


Ergastoplasmic reticulum 


Several 


Ground 
substance 


A little granu- 
lated. 


layers of lamellar reticulum are 
impression of softness. seen around the nuclear part. 

nucleus, many nuclei of different sizes are found in one cell, because the cleavage 
the nucleus. In some cells sufficient split of the nucleus does not follow that of 
matin substance on the inner side of the nuclear membrane is remarkable. 


Mitochondria are more or less well reserved. 


As the cleavage 


Mito- 


nucleus splits repeatedly, building an aggregation of the new nuclei. 
v lamellar reticulum of several layers. 


The group of nuclei is often enveloped b 
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TaBLeE VIII. Protocol of the Changes in the Fine Structures by Remedy. 





Strain of 


Nuclar membrane Nucleolus 
tumor 


Doses, etc. 


1) 0.1 ml. in the perito- Ehrlich’s Double structure and Almost not 


neal cavity. After 1-2 ascites fine pores distinct. Chro-) changed. 
hrs. hepatoma — matin precipitation on 
of mouse. | the inner surface slight. 
2) 0.1 ml into peritoneal ” Well conserved. Slight | Tape structure 
cavity. After 4-8 hrs. precipitation of chroma- somewhat. indis- 
tin substance on the tinct. | 


inner surface. 


3) O.8ml. into the perito- ” Thickened. Double struc-, Tape structure 
neal cavity. After 2 hrs. ture disappeared. Slight | moderately dis- 
chromatin precipitation | appeared. Tend to 
on the inner surface of | change into a 
the membrane. diffuse appearance.| 


After having examined quite a many micrograms on the action of PCMB we concluded 
plasmic reticulum. Nucleus is the least changing part of the tumor cell by this remedy. 
the cell does not show any change in 1-2 hrs, but after 8 hrs. The change of the 
tion time of the change gets smaller. The change was pursued till 11 days after a single 
Prolongations of the life of animal was seen. 


first used by Anson*) for the purpose of fixation of protein bound-SH. Since 
then it has been investigated by some authors with interest®).1.1), As it is well 
known sulfhydryl group plays a fundamental role in enzyme activities. It is very 
interesting that PCMB application causes a severe change of mitochondria, be- 
‘ause it is known that mitochondria are an arsenal of enzymes. 

Now it is an important question, whether one can come to some conclusion 
on the combined use of anticancer remedies. It would not be without justifi- 
vation if one combines remedies of different effects from the point of view of 
electronic micrographes. It must be evidenced by experiments. As the first 
step we attempted to use Citral and Citronellel combined with PCMB, because 
Citral first damages nuclear elements and endoplasmic reticulum of the cytoplasm 
while PCMB causes mostly changes of mitochondria. 

The experiments are now going on at our laboratory with some success. 


It will be reported in the,next paper that is to follow. 


SUMMARY 


1) In the present paper were studied changes in fine structure of Yoshida’s 
ascites sarcoma cells as well as Ehrlich’s ascites hepatoma cells by several 
anticancer remedies: Citral, Nitromin, Sarcomycin, Carcinophyllin, Chromo- 
mycin, Azan, PCMB, and Colchicine. 

2) The localities of the points of attack upon tumor cells by these remedies 
are quite different. Nitromin causes changes unanimously of the fine structures 
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t 


(h) PCMB (Para chloro mercuri-benzoic aci 1 soluticn of 10-3 mol. 





Chromatin a a Ergastoplasmic Ground Cell 
substance reticulum substance membrane 
Fine granulated Form and cristae well Well conserved. Diffuse. Villiform 
diffusely distri- conserved. \ few lamellar evenly. fringes well 
buted. form. conserved 
Evenly distri- Polymorph. as in intact Well conserved. Slightly Villiform 
buted. cells. Cristae disappeared. granulated. fringes 
All the mitochondria moderately 
changed into vacuoles. disappeared. 
Granulated Polymorph. as in normal. Destroyed Slight Villiform 
evenly Cristae disappeared. A moderately granulation. fringes 
distributed. step before vacuolization moderately 


disappeared 


that the most remarkable change caused by FCMB is seen in mitochondria, then endo 
On injection into peritoneal cavity of ascites tumor animal, 0.1 m! of a solution 10 3 Mol 
mitochondria very intensive. As doses of the remedy increase to 0.4—-0.8 cc, the incuba 
injection. Darkness in the interior of the mitochondria was seen vet at that time 


of tumor cells. Azan and Sarcomycin come next to Nitromin in the order of 
effectiveness. Carcinophyllin and Chromomycin act moderately and they affect 
structures of cytoplasm rather than nucleus. Citral when acted mildly causes 
changes in nuclear membrane, nucleolus. chromatin substance in the nucleus 
Change of endoplasmic reticulum is much more remarkable than that of 
mitochondria. PCMB damages mitochondria almost exclusively. 

3) A potential co-operation of these two kinds of remedies. aldehydes and 


PCMB, is discussed. 
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Fig. 1, a). Yoshida’s ascites sarcoma of rat. Injected into muscle with 0.3ce 
of 5°, Citral-emulsion. Examined after 1.5 hrs. 






i 2 INS ae Sy a OS 
Fig. 1, b). Yoshida’s ascites sarcoma of rat. Injected into muscle with 0.3 ce 
of 5% Citral-emulsion twice in a day for two days. Examined at 1.5 hrs. after 


the last injection. 
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Fig. 1, ¢). Yoshida’s ascites sarcoma of rat. Injected into muscle with 0.1 
of 5°, Citral-emulsion three times with intervalls of 3.5 hrs. Examined after 2 hrs. 


of the last injection. 





Fig. 1. d). Yoshida’s ascites sarcoma of rat. Injected the same dose as in 
Fig. 1, c¢). The cell is at the metaphase of mitosis. 
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Fig. 2, a). Ehrlich’s ascites hepatoma of mouse. Nitromin | mg in the vein. 
Examined after 1 hr. 





Fig. 2, b). Yoshida’s ascites sarcoma of rat. 
Nitromin 5mg in the vein...... 7 hrs. 
Nitromin 3 mg in the vein...... 15 hrs. 


Nitromin 5 mg in the vein 
Examined after 7 hrs. 


Sensitive cell. 
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Fig. 2, d). The same ascites. 
Resistant cell. 
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Fig. 3, a). Ehrlich’s ascites hepatoma of mouse. 

0.09 g¢ Sarcomycin into the vien. Examined after 1 hr. 
Fig. 3, b). Yoshida’s ascites sarcoma of rat. 

0.03 g Sarcomycin into the vein. Examined after 24 hrs. 





Fig. 4, b). 


Fig. 4, a). Ehrlich’s ascites hepatoma of mouse. 
Carcinophyllin 10 units in the peritoneal cavity. Examined 
after 5 hrs. ' 

Fig. 4, b). Yoshida’s ascites sarcoma of rat. 

Carcinophyllin 50 units in the vein. Examined after 5 hrs. 
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Fig. 5, a). Yoshida’s ascites sarcoma of rat. 


Chromomycin 37 in the vein. Examined after 3 hrs. 





Fig. 5, b). Yoshida’s ascites sarcoma of rat 
Chromomycin 1 y in the vein......15 hrs. 
1 y in the vein .24 hrs 
1 y in the vein 
Examined after 24 hrs. 
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Fig. 6, a). Fig. 5, b). 


Fig. 6, a). Yoshida’s ascites sarcoma of rat. 









Azan 20mg into the muscle. Examined after 4.5 hrs. 
Fig. 6, b). Yoshida’s ascites sarcoma of rat. 
Azan 40 mg into the muscle. Examined after 1.5 hrs. 





Fig. 7. Yoshida’s ascites sarcoma of rat. 


Colchicine 15 y in the peritoneal cavity. 
Examined after 4 hrs. 









Electron-microscopic Pictures of Cancer Cells 


Fig. 8, a). Ehrlich’s ascites hepatoma of mouse. 
O.1 ml of 10-3 Mol. solution of PCMB in the peritoneal 
cavity. Examined after 4 hrs. 









Fig. 8, b). Ehrlich’s ascites hepatoma of mouse. 
} 


after 8 hrs. (Partly magnified in Fig. 9 d). 
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Fig, 9, a). Fig. 9, b). 
Fig. 9, a). PCMB 0.1 ml in the peritoneal cavity. After 1 hr. 
Fig. 9, b). PCMB 0.1 ml in the peritoneal cavity. After 2 hrs. 


i «< 
Fig. 9, c). Fig. 9, d). 
Fig. 9, c). PCMB 0.1 ml in the peritoneal cavity. After 4 hrs. 
(Partly magnification of Fig. 8, a) 
Fig. 9, d). PCMB 0.1 ml in the peritoneal cavity. After 8 hrs. 
(Magnification of Fig. 8 b) at the region m) 
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Nature of the Secondary Discharge of Negative Polarity 
in the Cerebral Cortex of Cats and Dogs 
By 
Kitsuya Iwama and Chosaburo Yamamoto 


From the Department of Physiology, University of Kanazawa 
Medical School. Kanazawa 


(Received for publication, April 10, 1961) 


INTRODUCTION 


The secondary discharge (SD) of the cerebral cortex has been described as 
a widely distributed, high-amplitude evoked potential of a long latency which 
appears upon single shock stimulation of the peripheral sensory nerves in deeply 
anesthetized conditions.'*.*) When this type of the evoked cortical activity was 
first studied by Derbyshire and others, it was noted that the polarity of the SD 
was positive in the sensorimotor area and the regions adjacent thereto, whereas 
it was negative in some remote regions. The areal difference of the polarity of 
the SD has been fully confirmed by Purpura‘? who mapped out the distribution 
of the SD over the entire cerebral cortex. 


) 


In our previous communication®? it was reported that the positive wave of 
the SD recorded from the sensorimotor cortex is locally produced activity which 
represented a post-synaptic potential set up by afferent volleys on the cortical 
neurones. In that experiment, however, the SD recorded as a predominantly 
negative wave was left unattacked. The investigation reported here is designed 
to elucidate nature of the negative SD in a similar line to that followed in our 


previous experiment on the positive SD. 
METHOD 


Cats and dogs were used. Initially they were anesthetized with pentobarbital 
sodium injected intraperitoneally (30 mg/kg of body weight), and the necessary 
operations were performed. Additional doses of the same anesthetic were 
given intravenously as required. 

The electrical activity of the cerebral cortex was recorded with a monopolar, 
ball-tipped silver electrode using a screw fixed to the frontal bone as the reference. 
When attempts were made to record the activity from the deeper layers of the 
cortex, a saline-filled glass pipette, about 5» in outer diameter, was inserted below 
the cortical surface with the help of a microdriver. 
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To elicit the SD, a brief electric shock was applied to the sciatic nerve through 





a buried electrode. The stimulated sciatic was mostly ipsilateral to the cortex of 
under examination. In some experiments the cortical primary evoked potentials ti 
were produced by stimulation of the thalamic specific projection nuclei with Wi 
a single electric shock. The electrodes for thalamic stimulation were of con- lL 
centric type and oriented stereotaxically. to 
Effects of KCl, strychnine and y-aminobutyric acid (GABA) were examined pr 
upon the negative SD. These chemicals were dissolved in physiological saline en 
solution at suitable concentrations and were applied topically to the exposed cor- to 
tical surface. th 
m: 
RESULTS “n 
1. Cortical distribution, wave form and latency of the negative SD of 
The observations by Derbyshire and his associates and Purpura in regard to on 
the regional difference of the polarity of the SD were virtually confirmed; while = 
the main excursion of the SD was of positive polarity in the sensorimotor area th 
and nearby regions, it was a predominantly negative wave when recorded from 
the posterior part of the dorsal aspect of the cortex. The areas most active in 
showing the negative SD were the posterior parts of the gyrus lateralis and the 
gyrus suprasylvius in cats and dogs. In dogs, besides these areas, the posterior wi 
part of the gyrus ectolateralis was also included in the negative SD area. The th 
boundary between the negative and positive SD areas was difficult to determine, pt 
because it varied from case to case and also from time to time in a given ex- pr 
periment. we 
he 
| | ; 
re 
| 
2 B 
th 
3 | su 
' 
WwW 
A 
100cps 200yv G 
Fig. 1. Simultaneous recording of positive and negative SD’s of cat’s cerebral pe 
cortex. 1, sensorimotor area. 2, anterior part of gyrus ectosylvius. 3, posterior part of th 
gyrus lateralis. Contralateral sciatic stimulation. In sensorimotor area a primary 
sensory evoked potential was recorded preceding positive SD. In this and all subsequent pt 


records, negativity of the exploring electrode is indicated upwards. Unless otherwise 
mentioned all materials were obtained from cat. 
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The basic wave form of the negative SD was found to be a negative wave 
of a long rise time followed by a low-amplitude, positive wave of variable dura- 
tions. Very often notches or wavelets were found superimposed upon the slow 
wave components. Typical examples of the negative SD are reproduced in Figs. 
| (bottom), 2 (top), 4 (right top) and 6 (top). When recordings were made close 
to the positive SD area, the excursion to the negative direction was sometimes 
preceded by a positive deflection of variable amplitudes, suggesting that a pot- 
ential wave similar to that seen in the positive SD area was taking place 80 as not 
to allow the negative excursion to develope promptly (record 2 in Fig. 1). In 
the typical negative SD the first sign of the negative deflection appeared 30 to 60 
msec after the sciatic stimulation, reaching the peak about 100 to 130 msec. It 
was a consistent finding that the peak of the negative SD occurred later than that 
of the positive SD with a delay of 30 to 50 msec. This will be seen in Figs. 1 
and 8 which mount the positive and negative SD’s recorded simultaneously. The 
amplitude of the negative SD, measured at the peak of the negativity, was more 
than 100 zV, not exceeding I mV. 

2. Effects of topically applied KCl, GABA and strychnine 


ils upon the negative SD, a comparison 





In examining effects of the ch 
was made with those upon the primary evoked potential. For this purpose, 
the negative SD by stimulation of the sciatic nerve and the primary evoked 
potential by stimulation of an appropriate thalamic projection nucleus were 
produced alternately on the same cortical locus to which the testing chemicals 
were applied topically. 

Fig. 2 shows the effects of 2°, KC! As shortly as about 2 minutes and a 
half after application of KCl, the primary evoked potential was abolished almost 
completely. At this stage it was noted that a part of the negative SD still 
remained unaffected (bottom ret rds in Fig. z). Even with prolonged ap- 
plication up to several minutes no further progress in the effect could be found. 
By comparing the KCl-affected, negative SD with the control response it is seen 
that topically applied KCl acted so as to elimi 


superimposed upon the d Sf ending phase of the norma! negative SD. 





GABA has been known to exert a suppressing action upon the surface-negative 
wave of the electrocortical activity, either spontaneous or evoked by stimulation. 
As will be seen in Fig. 3 (records in middle row), the effect of topically applied 
GABA (1%) in abolishing the surface-negative wave of the primary evoked 


potential was proved to be complete about 5 minutes after the application. At 
this time the effect of this chemical upon the negative SD remained to reduce the 
potential component on the descending phase of the negative deflection. 

The effects of strychnine upon the primary evoked pot :ntial and the negative 


SD were studied in the experiment or Fig. | About 5 minutes after the 
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41 | OO msec 
[20omv 
Fig. 2. Fig. 3. 

Fig. 2. Actions of KCl upon negative SD (right) and primary evoked potential 
(left). Primary evoked potential was elicited by stimulation of medial geniculate body. 
Top row, controls. Second and third rows, | and 2.5 minutes after application of KCl. 

Fig. 3. Negative SD (right) and primary evoked potential (left) under influence of 
GABA. Primary evoked potential was elicited by stimulation of nucleus lateralis 
posterior. Top row, controls. Second row, 5 minutes after application of GABA. 





Third row, recovery at 30 minutes after washing off the brain. 


treatment of the cortical surface with strychnine of 0.1% both the surface- 
positive and -negative waves of the primary evoked potential were notably 
increased in amplitude (bottom left in Fig. 4). Coincidently with this, the 
negative SD was affected so as to carry a high-amplitude, diphasic spike-like 
deflection upon its descending shoulder. In contrast with this, the part of the 
negative SD which constituted the ascending phase of the negative deflection 
retained the same configuration as in the control record (bottom right in Fig. 4). 

The results shown in Figs. 2, 3 and 4 are consistent with one another in that 
when the negative SD’s were subjected to the actions of the chemical substances, 
the modifications of the wave form are limited to the descending limb of the 
negative deflection with the ascending one unaffected. This suggests to us that 
there are two components making up the negative SD. One of them, which 
will be called “intrinsic component”? hereafter, is considered to originate in the 
cortex under the exploring electrode, because it is affected by local treatment 
of the cortical surface with the chemical substances. The other component of 


the negative SD is the potential wave which remains intact under actions of the 
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* chemical substances applied topically. This component will be referred to as 
“extrinsic component’, implying that it is produced in remote regions and. spreads 


to the exploring point on the cortical surface. 





ial 
y. 
1. 
of 
lis Fig. 4. Effects of local strychninization. Left column, primary evoked potential 
A. by stimulation of medial geniculate body. Right column, negative SD. Top row, con- 
trols. Second and third rows, 2 and 5 minutes after application of strychnine. 
il The negative SD’s studied in the experiments of Figs. 2, 3 and 4 were found 
“a 
bly to be composed of the extrinsic and intrinsic components, occupying the ascending 
HY A 
the and descending phases of the negative wave respectively. This type of the 
rT ; 
4] negative SD was most usual. In a few exceptional cases, however, the negative 
Ke a ; , aE . 
SD’s could be recorded which had the intrinsic component on the ascending phase 
the | 
i 
mm of the negative deflection. When strychnine was made to act upon this type of 
t) the negative SD, a positive-negative, spike-like potential appeared in the early 
al part of the entire potential complex. This type of the negative SD will be treated 
- in future research. 
the @ 3. Intracortical distribution of the negative SD 
hat ; ; . 
cl By inserting a glass pipette electrode deeply beneath the cortical surface 
Ich ete. ° : : : : 
within the negative SD area, the potentials were successively recorded at 
phe , ‘ ee 
measured depths. A typical example of the results is shown in Fig. 5 where the 
ant , . : : er : , 
, records of the SD are arranged from top to bottom with increasing depth of the 
) ; ’ , : ; ; a ; 
site of recording. So far as the result shown in this figure is concerned, the 
1e 


intracortical response of the negative SD area is characterized in the following 
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points. 1) Activity at all the levels of the subsurface occurs in about the same 
phase, no change in polarity being encountered by penetration of the deep 
electrode. 2) The amplitude of the negative wave increases after a certain depth 
is reached, beyond which, however, it remains approximately constant. 3) The 
negative SD’s obtained from a certain range of the deeper layers show an 
enhancement of the descending shoulder of the negative deflection, resulting in 
a slight prolongation of the peak time. 





Fig. 5. Intracortical negative SD’s in dog’s cerebral cortex (posterior part of 
gyrus ectolateralis). Numerals to the left show depths in » below the surface. 


Keeping the pipette electrode at a layer showing an augmented SD, solution 
of 2% KCl was applied to the surface, the response of which was simultaneously 
monitored with a gross electrode. Upon application of KCl the surface response 
suffered a change in wave form similar to that seen in Fig. 2. Corresponding to 
this, the deep response was also modified in such a manner that a part of the 
potential wave was eliminated from the descending shoulder of the negative wave. 
Following the consideration stated in the above section, it is supposed that the 
negative SD recorded from the subsurface is composed of the intrinsic and ex- 
trinsic components in a similar manner to that seen in the surface response. 
Since the intrinsic component represents a locally produced electrical potential, 
it is likely that this component differs in magnitude and configuration between 
the cortical layers with different neuronal organizations. This situation will 
probably contribute to the difference of the negative SD between the surface and 
the subsurface. When studying the effects of KCl, we expected to observe that 
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after the responses are deprived of the intrinsic components by the action of 
KCl, the remaining components of the responses, which are considered to be of 
remote origin, will be recorded in the same form and with the same amplitude at 
all levels of the cortex. However, this was not the case. After sufficient time 
was allowed for KCl to exert its suppressing action, there was still found a marked 
difference of the response in amplitude and wave form between the cortical layers. 
One of the possible explanations for this situation is that since KCl is applied to 
the surface, it is insufficient in concentration to eliminate the intrinsic com- 
ponent from the subsurface response, so that the extrinsic component can not 
be obtained in an uncontaminated form. Another possible explanation is to 
assume that there is a considerable difference between the surface and the 
subsurface in regard to the physical conditions for spread of the potential from 
remote regions. 

4. Facilitatory action upon the primary evoked potential 

In our previous study on the positive SD of the sensorimotor area, it was 
shown that if the primary evoked potential was elicited by stimulation of the 
thalamic projection nuclei during the positive excursion of the SD, the former 
was markedly augmented in its surface-negative wave component. A similar 


experiment was made on the negative SD of the visual cortex, using as the test 





Fig. 6. Interaction between primary evoked potential by stimulation of lateral 
geniculate body and negative SD. Top and bottom records are controls for negative 
SD and primary evoked potential, respectively. About five sweeps were superposed. 
Numerals to the left indicate time intervals in msec between stimulations of sciatic nerve 
and geniculate body. 
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response the primary evoked potential produced by single shock stimulation of 


the lateral geniculate body at varying time intervals after a conditioning shock to 
the sciatic nerve. A typical example of the results is illustrated in Fig. 6. It 
will be seen that when the primary evoked potential was made to interact with the 
negative SD there took place more or less marked facilitation of both the surface- 
positive and -negative waves of the test response, its maximum being obtained at the 
time interval of 130 to 170 msec after the sciatic stimulation. Essentially similar 
results were obtained with the parietal association area and the auditory area. 
The test responses for these areas were produced by stimulations of the nucleus 
lateralis posterior and the medial geniculate body, respectively. 

The experiment shown in Fig. 7 was made to show that the thalamus prob- 
ably plays some part in facilitation of the primary evoked potential interacting 
with the negative SD. In this experiment the stimulating electrode for pro- 
ducing the cortical primary evoked potential was attached to the optic nerve 
exposed by enucleating the eye-ball, and recordings were made from the lateral 
geniculate body and the visual cortex simultaneously, both ipsilateral to the 
optic nerve stimulated. Record A in Fig. 7 is the control for the cortical primary 
evoked potential (upper trace) and the lateral geniculate body response (lower 
trace) to single shock stimulation of the optic nerve without a preceding sciatic 
shock. The control for the sciatic stimulation is shown in record B where a slow 
wave response of a long latency could be found in the lateral geniculate body in 
association with the cortical negative SD. When the testing stimulation of the 
optic nerve was given about 195 msec after the conditioning sciatic stimulation, 


the primary visual evoked potential with a markedly augmented amplitude 





mmm | OOLV 


Fig. 7. Simultaneous recording of responses from cortical surface (upper traces) 
and lateral geniculate body (lower traces) in interaction between primary evoked potential 
and negative SD. Primary evoked potential was produced by stimulation of exposed optic 
nerve ipsilateral to recording sites. A, control for optic nerve stimulation. B, control 


for sciatic nerve stimulation. (C, Optic nerve stimulation was made about 195 msec after 


sciatic nerve stimulation. 
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ippeared being superimposed upon the negative SD. Simultaneously with this, 
there was found enhancement of the evoked potential in the lateral geniculate 
body (record C). This fact may suggest that excitability of the lateral geniculate 
body suffers enhancement in respons? to the sciatic stimulation. It is supposed, 
therefore, that when this structure is given a test shock combined with a con- 
ditioning shock to the sciatic nerve, the evoked potential at the cortical level is 
expected to be augmented reflecting the enhanced excitability of the impulse 
origin. It is unlikely, however, that the event observed at the cortical level is 
determined exclusively by the excitatory state of the thalamus. We have shown 
that the negative SD contains the locally produced electrical activity which has 
been referred to as the intrinsic component. This component will probably in- 
teract with the ascending volley originating in the thalamus, so that the final 
result observable at the cortical level will be more or less complicated. The role 
of the intrinsic component in the facilitation of the primary evoked potential has 


been left unexplored. 
DISCUSSION 


The essentials of the results obtained in this study are the finding that the 
negative SD which is recorded from the posterior part of the dorsal aspect of the 
cortex consists of the two components, one of which is the intrinsic one represent- 
ing the locally produced electrical activity and the other is of extrinsic origin in 
the sense that it is produced in remote regions and spreads to the cortex under 
examination. 

In regard to the intrinsic component, we have been unable to accumulate 
ample evidence which permits us to discuss the cortical neuronal mechanism of 
potential production. However, we must emphasize that the intrinsic component 
of the negative SD can not be taken as homologous with the main positive wave 
of the sensorimotor SD which has been proved in our previous experiment to be a 
locally produced electrical potential by studying the effects of chemical substances 
upon it and its intracortical distribution. It has been shown that in most of the 
cases the intrinsic component of the negative SD is found superimposed upon the 
descending limb of the entire negative SD complex, and that the peak of the 
negativity is reached after that of the positive SD. This means that the intrinsic 
component of the negative SD occurs with a considerable delay after the locally 
produced activity of the positive SD, suggesting that the two processes are dif- 
ferent from each other in the mechanism of activation. 

The extrinsic component of the negative SD has been supposed to come from 
some remote regions through physical spread. When extending the exploration 
of the subsurface response with a _ stereotaxically oriented electrode, the 


potential wave which seemed to correspond to the extrinsic component of the 


negative SD could be traced in the subcortical white matter down to the thalamus, 
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the hypothalamus and a rostral portion of the mesencephalon. This potential 
wave is probably the same as the long-latency response of Feldman and Porter®? 
which is reported to appear in the anterior brain stem upon single shock stimula- 
tion of the sciatic nerve under deep barbiturate anesthesia. Though no definitive 
evidence has as yet been obtained, it is our impression that the extrinsic 
component of the negative SD is the potential wave which is produced in the 
cortex by the evoked potential of the anterior brain stem through physical 
spread. 

Thus the activity of the deep structures has been supposed to make a 
significant contribution to formation of the response pattern in the negative SD 
area. Since the physical condition for spread of the potential can not be 
considered appreciably different between the negative and positive SD areas, it 
is very reasonable to suppose that the potential of deep origin also spreads 
to the positive SD area, though it is concealed in the locally produced positive 
wave 89 that it escapes ordinary observation. The experiment of Fig. 8 shows 
that this is actually the case in the sensorimotor area. As will be seen in the 
upper trace in record A, the control SD response of the sensorimotor area was a 
monophasic positive wave without any sign of the negative wave component. 
After treating the entire extent of the sensorimotor area with KCl of 2% in 
strength, there was recorded a negative wave of sizable amplitude preceded by a 
considerably reduced positive wave. It is remarkable that the negative wave 
so recorded from the sensorimotor cortex coincided in peak time with the negative 
SD obtained simultaneously from a distant cortical point (record B in Fig. 8). 
It follows from this that the potential wave originating in the deep structures 
reaches a wide extent of the cerebral cortex. The fact that the potential of deep 


= B 





60cps 
Fig. 8. Effect of topically applied KCl upon positive SD of sensorimotor area. 
Upper and lower traces, SD responses from sensorimotor area and a posterior part of visual 


area. A, control. B, 3 minutes after treating sensorimotor area with KCl. A marked 
negative wave appeared in sensorimotor SD response with reduced positive wave and its 


peak coincided in time with that of negative SD of visual area. 
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origin can easily be detected in the negative SD area is due to the situation that 
in this area the locally produced activity is developed so weakly that it can not 
mask the spread potential. 

The above-mentioned view on the origin of the extrinsic component of the 
negative SD seems compatible with the experimental finding that the facilitatory 
action upon the primary evoked potential is dependent, though not exclusively, 
upon the excitatory state of the thalamic projection nuclei. If the anterior brain 
stem is thrown into activity simultaneously with the cortical SD response, it seems 
very likely that excitability of the thalamic projection nuclei is so heightened 
that a test shock applied thereto will give rise to an enlarged evoked potential 
of the cortex. Though Feldman and Proter did not report that their long-latency 
respons? was recorded from the specific thalamic projection nuclei, we could 
often observe some potential wave in these structures in association with the 
cortical SD response. An example of the records obtained froin the lateral 


geniculate body has been furnished in Fig. 7. 
SUMMARY 


The secondary discharge (SD) of negative polarity recorded from the posterior 
part of the convexity of the cortex was studied in cats and dogs under deep 
barbiturate anesthesia. The peripheral origin of sensory impulses was exclusively 
the sciatic nerve. 

1. The first sign of the negative SD appeared 30 to 60 msec after the sciatic 
stimulation. The peak of the negativity was reached 100 to 130 msec after the 
stimulation, with a delay of 30 to 50 msec when compared with the peak of the 
positive SD of the sensorimotor area. 

2. The negative SD was composed of the intrinsic and extrinsic components. 
The intrinsic component which in most of the cases was found superimposed 
upon the declining limb of the entire negative SD complex was affected by topi- 
cally applied KCl, y-aminobutyric acid and strychnine in about the same manner 
as was the primary evoked potential. The part of the negative wave which 
escaped from the actions of the chemicals was called the extrinsic component and 
supposed to come from an evoked potential in deep structures such as the anterior 
brain stem through physical spread. 

3. When a microelectrode was thrust beneath the cortical surface, the 
negative SD’s were recorded with augmented amplitude from the layers below a 
certain depth. The deep negative SD was also found to consist of the intrinsic 
and extrinsic components. 

t. In association with the negative SD there was found facilitation of the 
primary evoked potential produced by stimulation of the specific thalamic 
projection nuclei. The maximal facilitation was obtained at the time intervals 


of 130 to 170 msec between sciatic and thalamic stimulations. This facilitation, 
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at least a part of it, was supposed to depend upon enhanced excitability of the 
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thalamus due to the sciatic stimulation. 
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INTRODUCTION 

In the electromyogram of paretic muscles in poliomyelitis, a peculiar 
discharge pattern, a single oscillation of high amplitude, has been often found. 
This discharge pattern is called synchronization voltage. Since the synchroniza- 
tion voltage is of diagnostic significance, it has been investigated by Buchthal*? 
Denny-Brown’®), Hirschberg?*), Hodes**), Kugelberg**’, Tsuyama**), Hoshi?*? 
and others. In order to investigate the synchronous activity, the synchronism 
of spike discharge in dual leading must be demonstrated inserting the electrodes 
separately in the different parts of one muscle. 

In the present investigation, it was attempted to examine the appearance of 
synchronization voltage led from two points which are within the range of the 
muscle fiber distribution of one motor unit. For this purpose vector electro- 
myograms were analyzed using small electrode distances. When the electrode 
distance is extremely reduced, it is expected that the electrical activities led with 
each electrode show similarity in every characteristic. In order to find a small 
difference in the discharge time, the sweep velocity of the presently used 
oscilloscope must be considerably increased. In the present experiment, the 
horizontal sweep of the oscilloscope was made with one of the dual led spikes 
instead of indental wave. For the purpose of relating the spike to other spikes, 
each of the spikes was added to two pairs of rectangularly crossed deflecting 
plates X and Y of the cathode ray tube, and Lissajous figure was drawn. This 
procedure enabled to find a small difference in the discharge time in the pattern of 
the Lissajous figure. The discharge pattern was analyzed on the synchroniza- 
tion voltage in order to investigate the synchronism between different two 
points within one motor unit. 


SUBJECTS 


Subjects of the experiment were 51 poliomyelitic patients in orthopedic 


wi 
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surgery. Since they must be able to follow examiner’s instruction measuring the 
muscle action potential during active contraction, the subjects from 6 to 18 
years of age were selected. At the time of the experiment they were from 4 
to 14 years after the onset of the disease. 

Of these subjects large superficial 187 muscles, mostly of the lower extremity 
were examined. In the present experiment the paretic muscles of “Grade III” 
with the manual testing of the degree of paralysis were selectively examined. 
This manual testing which has been used at the Department of Orthopedic 
Surgery, Tohoku University, grades the degree of paralysis from Grade I to VI. 
As the control, 51 muscles of normal adults were examined. 


METHOD 

1. Electrode 

Three kinds of electrode were used: (a) An enclosed wire, 70, in diameter, 
coaxial double core electrode of which the needle cannula was used as the common 
indifferent electrode and each of the reference electrodes was connected to the 
amplifiers respectively. (b) The multielectrode employed by Buchthal*) can be 
inserted in the muscle with 2 constant distance between the reference electrodes. 
Their electrode distances are | mm, 2mm, and 3mm. The cannular needle was 
the common indifferent electrode. Since each of the three enclosed wires was 
switched in use, no change in the needle position took place in order to change 
the electrode distance in the muscle. Although multielectrode is structurally 
difficult to inssrt parallel to the muscle fiber, it is convenient to determine the 
distance at right angle to the length of the fiber. (c) In order to insert two 
electrodes parallel to the length of fiber, two coaxial single core needle electrodes 
were used. Tho electrode distance was merely guessed from the inserted position 
of the electrodes on the skin and the depth relation of their insertion. 

2. Apparatus 

Two E.M.G.-amoplifiers which have identical characters were used. The 
output of the amplifier was led to the magnetic oscillograph as well as directly to 
the X and Y axis dflecting plates which rectangularly crossed, of the cathode 
ray tube, and continuously,recorded throughout the period of observation. On 
the other hand, while photographying the figure of the cathode ray tube, a sign 
was simultaneously recorded on the magnetic oscillograph when the camera 
shutter opened. Thus, the spike photographically recorded was identifiable on 
the oscillograph paper. 


The brightness of the cathode ray tube was modulated by indental wave of 
5,000 eps to make the analysis easy and to clearly indicate temporal relation. 
With this brightness modulation, the drawing direction of the figure was indicated 
by arrows whos? length designates 0.2 ms. (Fig. 1). 
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Fig. 1. Explanation in text. 
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. The relation between the two inputs added to X and Y deflecting plates of 

F the cathode ray tube was computable from the Lissajous figure. If a sine wave 

, of equal amplitude and frequency and of phase angle 6 was added to the Y axis, 
then the Lissajous figure becomes elliptic. This ellipse has the relation 

sin@ = X’/X 

; 


where X stands for the distance between peaks when the ellipse is projected on 
the X axis, and X’ stands for the distance between two points of the ellipse 
crossing the X axis. 

Spike of the muscle action potential is diphasic and sometimes one cycle of 
sine wave. But, unlike sine wave, it never occurs continuously, and in the 
wave form of one motor unit during weak contraction the discharge interval is 
much longer than the duration of the spike. Accordingly it is considered as a 
kind of pulse wave. Although it is possible to express phase difference of two 
waves in terms of phase angle in case of sine wave, it is unsuitable for the muscle 
action potentials. However, since the Lissajous figure of muscle action potential 
has similarity to sine wave, the phase angle was tentatively employed for the 
expression of the phase difference. Supposing the onsets of two pulses ¢, and 1,, 
pulse durations a and 4 respectively, in order the two pulses to overlap tem- 
porally, condition 
i,+a t t b 
must be satisfied (Buchthal*’). If this condition is disregarded, Lissajous figure 
becomes mere two straight lines crossing rectangularly. Supposing the amplitude 
and frequency being equal and the pulse duration 360°, two 30 phasic angle pulses 
which are formed with one cycle of sine wave make an ellipse, a part of whose 
outline runs along X and Y axes. The cut off part of the ellipse corresponds to 


the unoverlapping portion of the pulse (Fig. 2). 
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Fig. 2. Lissajous figure 


RESULTS 

Since the pattern of Lissajous figure varies with change in electrode distance. 
the Lissajous figures of normal subjects and of poliomyelitic patients are described 
for varied electrode distances. 

a. From a concentric double core electrode whose electrode distance is 100,. 
two reference electrodes led almost identical electric changes in every aspect. 
Lissajous figures of most cases were simple straight lines from the third to the 
first quadrant of rectangular co-ordinate crossing the origm. However the 
Lissajous figures of a few cases showed a small elliptic swelling. When the phase 
angle @ was derived from the Y' Y by means of the method described above, the 
mean value of normal cases and the standard deviation were 11°+12°, and those of 
paretic muscles of poliomyelitic patients were 6°+7°, much smaller than in normal 
eases, (Fig. 3). 

Fig. 4. presents E.M.4+. of single motor unit potentials led from a pareti 
rectus femoris of Grade II]. The X and Y axes were synchronous. As the 
contraction gradually increased, as shown in the Figure, gradual waxing in the 


amplitude of the potentials occurred. In the four photographs showing the re 

process of the contraction, the amount of slant of the vector shifted. a 
b. With multielectrode of 1 mm. electrode distance. is 
Fig. 5. is the record from a gluteus medius of Grade III paralysis with 

Imm. electrode distance. This record shows single oscillation high frequency tr 

discharge. In the oscillograph paper, are recorded eight spikes. All of the sr 
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Fig. 4. Electromyograms of paretic muscle (above) and 


vector electromyogram (below) 


records draw elliptic locus following the same process. If points of the shifting 
curve from positive to negative phases crossing X and Y axes are compared, Y 
is 0.3 ms. earlier than the X. The phase angle of this case is 22°. 

As the result of synchronous activity, almost elliptic pattern was led from 
two electrodes of 1mm. apart. The mean phase angle computed from the 


synchronous figure was 36°+33° and none of them was 0°. But three cases 
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Fig. 5. Electromyogram of paretic muscle (left) and vector 
electromyogram (right) 


out of 33 showed asynchronous pattern. 


ce. Potentials led with a multielectrode of 2 mm. electrode distance. Fig. 
6 was led at the same needle position of the same subject as Fig. 5, but with a 
2mm. electrode distance. The Y¥ electrode was inserted in the same position as 
with Imm. electrode distance. With increase in the electrode distance, the 


phase angle increased from 22° to 39°. 


£6/ 











Fig. 6. Explanation as in Fig. 5 


The ¥ X ratios of many cases are widely scattered and the phase angles are 
evenly and widely distributed between 10° and 170°. The mean and standard 
deviation of the phase angles are 70°+50°. Those of normal muscles are 119° 
51°, larger than that of paretic muscles. In paretic muscles of poliomyelitis, 
only three out of 46 cases showed asynchronous pattern in the Lissajous figure 
with the electrode distance of 2mm. In normal muscles three out of 11 cases 
showed asynchronous pattern (Fig. 3). 

d. Action potential with multielectrode of 3 mm. electrode distance. Fig. 
7. was recorded from a paretic gastrocnemius of Grade III. The X and ¥ 
electrodes show synchronous discharge. Beside this synchronous discharge of 
X and ¥ axes, X showed potentials of other motor unit which is not recorded on 
Y axis. In the pattern of Lissajous figure, the peaks of X and Y axes are 


separated: X axis in the fourth and Y axis in the second quadrants of the 








ig. 
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rectangular co-ordinate. The phase angle computed from X’/X ratio was 43°. 
However, as the values for the negative peaks were separated into the second 
and the fourth quadrant, the actual phase angle must be equal to 180° minus 43°, 


Le., 137°. 
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Fig. 7. Explanation as in Fig. 5 


In the same analysis of normal cases with 3 mm. electrode distance, none of 
five cases showed the pattern which was found in the paretic muscles. While 
potentials from X and Y were asynchronous in normal muscles, synchronous 
discharge occurred in eight out of 18 paretic muscles (Fig. 3). 

e. Multielectrode of over 5mm electrode distance. Similar to the 3mm 
electrode distance, continuous appearance of synchronous discharge for a long 
period was rare with 5mm. electrode distance in normal muscles. Since accidental 
synchronous discharges which happened during the observation, were not 
included in the category of synchronization, no analysis was made on these 
discharges. Some of paretic muscles clearly showed the synchronous pattern 
even with electrode distance over 5 mm. 

f. The conduction velocity of muscle fiber. It has been known from 
Feinstein’s histological investigation and Buchthal’s electromyographic findings 
that one motor unit covers a long area from the origin to the insertion of a 
muscle. Accordingly, by inserting two electrodes parallel to the length of a 
fiber, the electromyogram of a motor unit can be led from two points on the 
long axis. This method of inserting electrodes also enables us to follow the 
conduction of the action potential along the fiber. The action potentials led with 
this way of insertion showed synchronous activity even with relatively large 
electrode distance in many normal cases. In a few cases which showed 
asynchronous activity, the two electrodes were not inserted in the same active 
fiber. It is obvious that when the electrode distance is as large as 30 mm.~ 
10mm., there is a greater possibility of recording activities of different motor 
units. Actually, with electrode distance of 30~40mm., the records seldom 
show synchronization. 

Fig. 8 was led from a paretic gluteus maximus of Grade IV. The 


electrodes were inserted parallel to the length of the fiber with 10 mm. electrode 
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distance. In this record, the positive and negative peaks of X and Y are 
reversed. The negative peak of FY comes 2.0 ms. earlier than that of X. In 
other cases, this time difference was 1.2 ms. in three cases, 1.0 ms. in three 
cases and 2.0 ms. in two cases. It is possible that even if the electrodes are 
assumed to be inserted in one motor unit, they may be leading other synchronously 
acting fiber whose nerve ending is greatly distant. Disregarding these possible 
experimental errors in these time difference measured for a moment, the conduc 
tion velocity was caleulated. They were 8.3, 7.1, 5.0 m/s respectively. The 
overall mean 6.8 m/s is greater than 4.7 m/s of normal biceps brachii measured 


by Buchthal. 
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Fig. 8. Explanation as in Fig. 5 
DISCUSSION 
1. The electrode distance and motor unit 
Investigating the distribution of polyphasic action petentials led from on: 
muscle, Denslow'*’ found that the range of the same motor unit potential was 
2~7 em. parallel to the fiber and 1~6 cm. rectangular to the fiber. 


Buchthal’’ reported that nerve endings in muscles are concentrated in an 
area maximum of 40 mm. in the long axis of the musele and that 67° % of the total 
endings are located within 10°, of the whole length of the musele. Furthermore. 
with a multieleetrode whos? area of the reference electrode is as large as 0.1 mm.» 
1.5 mm., tt was found that, the area of distribution of a single motor unit is cross- 
sectionally 4~6 mm. (5mm. in mean) in diameter 

Feindel*’ histologically demonstrated that the fiber of a single motor unit 


overlaps with that of other motor units. Feinstein"? found that fibers form 
faseicult and these faseicult further form the second and the third bundles 
Although these fibers are as long as the faseiculi, thev are mostly shorter than 


Sem. except of extremely long muscles. The nerve endings are localized in th 





particular area of the muscle. The area of one motor unit is 3~4 mm! 
gastrocnemius. But the distribution of fibers belonging to one motor unit in th 








and so close to the limit of synchronous activity. Since the value of d is usually 
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These findings may be summarized as follows ; so far as normal muscles are 
concerned, fibers run throughout the length of the muscle and their nerve endings 
ure located in an area of a limited length which overlaps with that of other 
motor units. The size of the area which one motor unit occupies, may be about 
5mm. in diameter. Accordingly, in order to insert two reference electrodes in 


two different motor units they must be at least 10 mm separated in cross section 


of the muscle. Otherwise, the synchronous activity obtained cannot be 
onsidered as led from different motor units 
Beside the demonstration of synchronous activities among different motor 
\its, in the present experiment the electric activities of the same motor unit 
was investigated with the electrodes less than 5mm apart (mostly 3mm ol 
electrode distance). However. since fibers of different motor units are over! 
lapping it must be admitted that not all the spikes led with two different 

electrodes are of the same motor unit 
In the experiment where two reference electrodes were inserted along the 


long axis of the muscle. in order to obtain a greater possibility of inserting these 


electrodes in the same motor unit, it is desirable to use small electrode distance 
along the lone axis of the muscle. Accordingly in this experiment the electrode 
distance of 10mm. was used. On the other hand. if greater electrode distance 


was used since the fibers are long enough, experimental errors computing con 


duction velocity and others ¢ yuld have been n inimized 


Wn mp . . . 
2. The temporal difference of electric discharges 


Two me hanisms are possibile tIor ailierent aischarg¢ times petween 
£1} hich belong t ee ee ak “ , ¢ f : 
nvers which veiong lw one movol init OUP pon iia . POSILIONS O nerve 


endings of two fibers both of which belong to a same motor unit are d apart along 


the fiber. The time difference Td is required in order to reach an impulse to 
j 

the reference electrode which is rectangular to the fiber and outside the in 

nervation zone. Assuming the conduction velocity Vm is always the same and 


that of the nerve fiber is Vn. then the relationshiy 


' , is — 
mav be stated. According to Buchthal. Vm is 4.7 m’s and d max. is 40mm 
Since Vu is 50 m/s according to Hodes. Va Vm=10 in normal muscles 
‘ 
Replacing the ratio to the above formula 
r= d = 
Td Ss 9] Z 10 (sec.) 


Thus the maximum difference in discharge time can be 8.5 ms. This is ap- 


proximately equal to the maximal duration of normal neuromuscular unit voltage 
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less than 40 mm., the time difference may be generally smaller. Such a 
mechanism is possible to cause the difference in discharge time of fibers belonging 
to the same motor unit. 

The second possible mechanism is the difference in the conduction velocity 
of fibers belonging to one motor unit. If two nerve endings are on the same cross 
section of the muscle and the distance from this position to the electrode is D, 
the time difference 7'p is 


7, D _ D _ WVb-Va) 
D 5 . = ; 
Va Vb Ve-Vb 

where Va, Vb are the conduction velocities of respective fibers and Va<Vb. 
According to Buchthal, the conduction velocity is 4.7+0.1 m/s and the devia- 
tion is small in normal muscles. Thus the above formula can be transformed as 


7, = D(Vb-Va) _ 02D _ D 


Vat 7 > 110 8): 


In this formula, if Tp is 10-? sec. then D must be 1.1m. In most muscles 
however, the time difference is not so large as 10 ms. Therefore, the differences 
in conduction velocity in different fibers cannot be a major factor of the time 
difference. On the other hand, though the possibility is small, the time difference 
as short as | ms. may occur in the distance of 110 mm. in normal muscles. If 
there is a larger difference in the conduction velocity, the difference in the dis- 
charge time would increase depending on this factor. 

These are hypothetical model mechanisms. Actually, many other com- 
plex cases are possible such as combination of the first and the second mechanisms, 
or the electrode inserted in the innervation zone of the muscle. Other possible 
factors are the difference in the transmission time at the neuromuscular junction 
and the distance between the active fiber and the electrode 

Buchthal®’ considers that since the deviation of the conduction velocity -is 
small in normal fibers, the difference in the discharge time is mainly due to the 
spatial dispersion of the nerve endings in the innervation zone, and the spatial 
dispersion is 0.5~2.3 ms. In comparison to these data, in paretic muscles the 
difference in the discharge time was less than 1 ms. and the phase angle com- 
puted from Lissajous figure was about one half of that in normal muscles. In 
consequence, the nerve endings of one motor unit in the model described above, 
are heavily distributed in the narrower area in paretic muscles. That the dif- 
ference in the discharge time of two synchronous spike discharges increases with 
the electrode distance indicates that there is the factor of volume conduction. 
When one acting fiber is taken as the standard, although the volume conduction 
must be taken into account explaining the increase in time difference of synchr- 


onous discharges with increasing electrode distance from 2 mm. to 3 mm., it is 
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also conceivable that due to the scatter of nerve endings of the fibers belonging 
to a motor unit, the more distant the fiber from one active fiber, the greater the 
displacement of the nerve ending is. 

The mean conduction velocity of fibers measured with two electrodes which 
were inserted 10 mm. apart parallel to the fiber, was 6.8 m/s; maximum &.3 and 
minimum 5.0 m/s. These measurements, however need further experimentation, 
since the number of cases used was not so large and the electrode distance was 
short. The large variability in the conduction velocity obtained may be due 
to that the measurements were taken from different kinds of muscles. As 
emphasized by Feinstein'?) the diameter of the fiber considerably varies in dif- 
ferent kinds of muscles, and the conduction velocity is proportional to the 
diameter of the fiber. 


SUMMARY AND CONCLUSION 


In order to investigate synchronous activity which frequently appears in 
paresis of the spinal origin, vector electromyogram devised by the present in- 
vestigator, especially Lissajous figures were analyzed. Of poliomyelitic 
patients, 4~14 years following the onset of the disease, 185 paretic muscles of 
Grade III with the manual examination were used. The electromyogram was 
led during voluntary contraction. 

Coaxial double electrodes and multielectrodes were used. With 0.1, 1, 2, 
and 3 mm. of electrode distances inserted rectangular to the muscle fiber, double 
leading was performed from two points within one motor unit. Each action 
potential was added to the X and Y axis defile ting plates of cathode ray tube. 
and Lissajous figure was obtained from which correlations of the two lead points 
were computed. 

The action potentials led from one motor unit sometimes temporally dis- 
placed when the distance between the lead points was as small as 0.1 mm. The 
displacement of the discharge. time always occurred when the distance between 
the lead points was 1 mm. at rectangular to the fiber. This time displacement 
computed from the Lissajous figure was expressed in terms of phase angle. 
The mean phase angle of the paretic muscles examined was about one half of 
that of normal muscles. This small mean phase angle indicates that the 


) absolut 2 


activities of muscle fibers belonging to one motor unit are close t 
synchronism in paretic muscles, and further that the vector summation of 
action potentials of individual muscle fibers can be larger than that in normal 
muscles. 

Concerning the genesis of the temporal difference in action potentials led 
from two points which supposedly belong to one motor unit, the spatial dis- 
persion of the nerve endings, and differential conduction velocity among muscle 


fibers were considered; since the spatial dispersion and the difference in con- 
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duction velocity were smaller in paretic than in normal muscles, these factors 
were considered to be the major source of the temporal difference in action 
potentials. 

Using double leading from two points along one motor unit, the conduction 
velocity of muscle fibers was measured on paretic muscles. The conduction 
velocity ranged from 5.0 to 8.3 m/s with the mean of 6.8 m/s. 

In conclusion, in this investigation the previous finding that the amplitude 
of action potential is higher in paretic muscles than in normals was confirmed 
and was explained by closeness of synchronous activity of muscle fibers 


belonging to one motor unit to the absolute synchronization. 
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Although various sorts of ‘‘flow-temperature-concentration” nomograms 
and calculators for a copper kettle vaporizer have been introduced up to date, a 
presentation of a simpler and more convenient one is still desired by many 
anesthesiologists. 

For the convenience of practical use, a compact slide rule with an ordinary 
cursor is presented here by the authors as a new type of calculator. 

The performance characteristic of a “copper kettle vaporizer’ is well ex- 
pressed in the formula cited below : 

F,  ¥ 760 
F, 760—P 


P(mmHg): vapor pressure of a volatile anesthetic 


C= X100 (%) x 100 (%) 
agent contained in the copper kettle 
vaporizer 

F(cc./min.): total gas flow from the anesthetic 
machine to the inhaler 
F,(cc./min.): inflow of oxygen to the copper kettle 
vaporizer 
a(cc./min.): volume of an anesthetic vapor taken up 
by the oxygen flow through the 
' vaporizer 
C(% v/v): concentration of an anesthetic vapor in 
the whole gas mixture 
Therefore, under a certain temperature of a volatile anesthetic agent, there 
exists a directly proportional relationship between oxygen inflow to the copper 
kettle and anesthetic vapor concentration, and an inversely proportional relation- 
ship between total gas flow and anesthetic vapor concentration. The logarithmic 
scale was applied in this calculator. 
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The basic scales are calibrated in kettle flow (cc./min.—F, scale) (a) and 
anesthetic vapor concentration (°/, V/V—C scale) (c). The sliding scale (b) is 
calibrated in total gas flow (cc./min.—F, scale) and temperature(°C) of various 
volatile anesthetic agents (chloroform, ether, fluothane and trichlorethylene) as 
seen in Figs. 1 and 2. 

In a standard position of the calculator, F,/F, was calibrated in the pro- 
portion of 1/10. 

Two examples of calculation are presented : 

Ex. |] 

Fig. 1 illustrates how to calculate vapor concentration when the temperature 
of anesthetic, total gas flow and oxygen inflow to the copper kettle vaporizer are 
known. 

If F, is set at 500cc./min., F, at 5000 cc./min. and the temperature of 
chloroform is 20°C, the vapor concentration of chloroform supplied to the inhaler 
is about 2.6% (V/V). This corresponds very well to the value directly calculated 
from the formula, that is 2.62%. In this case it is not necessary to shift the 
sliding scale (b). 

Ex. 2 

Fig. 2 illustrates an example in which 2.3% (V/V) of ether vapor is desired to 
be delivered from the anesthetic machine to the inhaler. Temperature of ether 
is supposed. to be 25°C. 

Firstly, move the cursor (d) so that the cursor line (e) corresponds to 2.3% 
on the C scale (c). 

Secondly, shift the sliding scale (b) toward left and make the line of 25°C 
of ether correspond to the cursor-line (e). 

Then, F,/F,=1/100 is obtained on the a and b scale. For example, if total 
flow of 51./min. is desired, oxygen inflow to the vaporizer should be 50 cc./min. 
in this case. 

Instead of “‘diluent flow’’,.total gas flow was used in this scale in order to 
make the calculator as compact as possible. 

The relationship between F, (total flow) and F, (diluent flow) is well 
described in the formula shown below. 

7 | oo on oe D 
100 . 
Also, when F, and C are small enough as compared with F,, F, could be dealt 
as F, without making any significant discrepancies in calculation. 

The scale was originally designed for ordinary conditions of the vaporizer 
in the operating room. Therefore, the calculated values in extreme conditions 
might neither be applicable nor true any more. For example, a condition re- 
presented by the formula “F,=F,° could not be produced under room tem- 
perature except in the case F,=F,=0. 
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We are using this calculator with great satisfaction in clinical anesthesia and 


laboratory experiments. 
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Electromyographic Studies of Influence of Pregnancy 
on Activity of the Abdominal Wall Muscles 


I. An Analysis of the Patterns of Activity of the 
Abdominal Wali Muscles in Non-pregnant 
Women and Pregnant Women 


By 
Torao Hatami 


From Prof. : i M “a kL i Surgical Clinic. School of Medicine. 
T ohok, u University, Sendai 


(Received for publication, May 2, 1961) 


It has been generally noticed that visceroptosis is often caused by the rapid 
relaxation of the overextended abdominal wall after frequent deliveries or 
removal of a large abdominal tumor. This type of visceroptosis is called 
‘“Maternelle Ptose’™) or “‘Landausche Form der Ptose’’?’. The gravid uterus, 
which contains foetus and amniotic fluid, is by full term of pregnancy about 100 
times the weight and about 519 times the volume of the non-gravid uterus*). The 
effects of the thus enlarged gravid uterus on the activity of the abdominal wall 
muscles have not so far been investigated to any great extent. In recent years, 
electromyographic studies have been made on the abdominal wall muscles in 
pregnant women by Takano*”’*), using the needle electrode, but this method 
is not adequate to clarify entirely the kinesiology of the abdominal wall muscles. 
For this reason, a surface electrode was used in the present studies. Eight elec- 
tromyograms were recorded simultaneously from different muscles using an eight- 
channel electroencephalograph with ink-writer oscillographs. Comparing the 
electromyograms in the pregnant with those in the non-pregnant, this experiment 


was attempted in order to clarify the kinesiology. 


METHOD 


The experimental procedure was essentially the same as that previously 
described by Ono’). The investigated muscles were internal oblique, external 
oblique, and rectus muscles. Fifty-one subjects in this experiment were all 
normal pregnant women in the 2nd-10th month of pregnancy, aged 20-37 
(Table I), and eleven subjects as control were non-pregnant women in parity 
0-1, aged 21-46. A detailed description of the method of electrode lay-out was 
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TaBLe I 
I » » > 
Month of — 2M. 2nd toSth gy; gy 5M. 6M. 7M. 8M. 9M. 10M. 
pregnancy week | 4 
Number of 5 6 4 5 5 6 5 6 9 s 


subjects 





| internal oblique; 3: lower part of r 
rectus abdominis; 5: upper part of r 
external oblique: 


Fig. 1. 1: r. internal oblique; 2 
rectus abdominis; 4: lower part of 1 
rectus abdominis; 6: upper part of | rectus abdominis; 7: r 
8S: Ll. external oblique. e: Earth connection 

These numbers are applicable to all figures in this series 


given by Ono as shown in Fig. 1. 
RESULTS 
Various movement patterns were studied with the subjects, both in supine 
The frequency cannot be recorded over 70 ¢.p.s. by the 


and standing position 
However, the dimension of maximal amplitude is, to 


electroencephalographs. 
some degree, proportioned to the strength of muscle contraction. For this reason, 
the strength of muscle contraction was indicated with the dimension of the maxi 


mal amplitude 
» (a) Supine position 


The subject was laid on an insulated couch. A pillow was placed beneath 


the head, to attain complete muscular relaxation. 


(1) At rest 
The left halves of Figs. 2A, 2B, and 2C show a resting state of a non- 
gravida in the 6th, and 9th month of pregnancy, respectively. 


pregnant women, 
That is to say, 


No muscle-action potentials were recorded from anv muscles. 


beth non-pregnant and pregnant subjects were found to be electrically silent 


in the abdominal muscle-activity 
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(2) Head raising 


The right halves of Figs. ZA, 2B, and WH” show the patterns of activity of 


¢ 


. 1 Ge } ’ 
4 non-pregnant woman, gravida in the 6th. and 9th month of pregnan¢ y fe- 
evectively. for raising the head This movement 1s made against gravity. In 
; ae 
the non-pregnant the recti are Mauuy involved im this movement, while the 


‘ 
on = wo 
\ 
' 
} 
| 
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of a non-pregnant womer 


Fig 2A. The left half shows a resting state oF 4 ‘ 
No action potentials are re erded from any muscles The right half shows the 
muscle-action potentials demonstrating the pattern { activity for raising tf 
head. The ECG. can be seen in the re ti and exter: 1 obli e tracir 


Resting state Raising the head Fasting state Raising’ the head 
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Fig. 2BandC. The mus le-action potentials are generally increased in 
h 


6th month of pregnancy (B), a8 mpared with those of a non-pregnant woman 
In the 9th month of pregnancy C). the muscle-action potentials recorded 


from the obliques are mz arkedly de reased 
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internal and external obliques are involved to a less degree. In the pregnant, 
the activity of the recti increases with the progress of pregnancy, reaching a 
maximum towards the 6th month of pregnancy, and its state continues unchanged 
up to the termination of pregnancy. However, the activity of the internal and 
external obliques increases with the progress of pregnancy, reaching a maximum 
towards the 6th month of pregnancy, and decreasing gradually with the ap- 
proach of the termination of pregnancy. After all, the involvement of all 
abdominal muscles in this movement was found in the mid-stage of the termina- 
tion. As described by Floyd and Silver*’, the recti may be regarded, in this 
movement, either as an agent in general flexion movement, involving the neck 
and trunk, or as a fixator of the thorax; the recti may also be contracted almost 
simultaneously with the sternomastoids. The external oblique participates in 
this synergic movement. The internal oblique is not immediately involved in 
this movement. However, the internal oblique may have a particular function 
in guarding the inguinal region. In any movement which involves a raise of 
intra-abdominal pressure, these muscular fibres contract and prevent bulging 
of the anterior abdominal wall in the inguinal region. 

(3) Intra-abdominal pressure raising 

Figs. 3A, 3B, and 3C show the patterns of activity of a non-pregnant 
woman, gravida in the 6th, and 9th month of pregnancy respectively for raising 
the intra-abdominal pressure. In the non-pregnant (Fig. 3A), it is mainly the 
internal and external obliques that contract. The recti are involved to a much 
less degree. Even when a maximal effort is made, the rectus activity is much 
less than that recorded from the obliques, and is also less than the activity re- 
corded from the same rectus when the head is raised. In the 6th month of 
pregnancy (Fig. 3B), the muscle-action potentials are generally increased, as 


Raising thelintra- abdominal pressure 
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Fig. 3A. The internal and external obliques are mainly involved in this 
movement. The recti, however, are involved to a much less degree. 
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f compared with those of non-pregnant women. All abdominal muscles are 

. involved in this movement. In the 9th month of pregnancy (Fig. 3C), the action 
potentials recorded from the internal and external obliques are markedly de- 
creased, as compared with those of women in the 6th month of pregnancy; 
the discharges from the recti are nearly unchanged. All abdominal muscles are 

almost equal in action. 

a ie (4) Coughing 


Figs. 4A, 4B, and 4C show the movement patterns of a non-pregnant woman, 
gravida in the 6th, and 9th month of pregnancy respectively for coughing. 


Coughing may be described as a brief ‘raising the intra-abdominal pressure’ 
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Fig. 4A, B and C. Coughing. 


glottis shut—while the intra-abdominal pressure builds up, followed by a short 
active expiration. The pattern for coughing is similar to that for raising the 


intra-abdominal pressure. In the non-pregnint (Fig. 4A), the internal and ex- 
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ternal obliques are mainly involved in this movement. The muscle-action 
potentials in the 6th month of pregnancy are slightly increased, as compared with 
those of the non-pregnant. This is particularly noticeable in the recti (Fig. 4B). 
In the 9th month of pregnancy (Fig. 4C), the muscle-action potentials recorded 
from the obliques are slightly decreased. 

(5) Leg raising 

Figs. 5A, 5B, and 5C show the patterns of activity of a non-pregnant woman, 
gravida in the 6th, and 10th month of pregnancy respectively for raising the legs. 
In the non-pregnant (Fig. 5A), relatively greater muscle contraction of the 
obliques is seen on the side of the movement in each record. In the pregnant, 
the muscle-activity slightly increases with the progress of pregnancy, reaching 
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Fig. 5A. Note the relatively greater activity on the side of the movement 
in each record. This is particularly noticeable in the internal oblique. 
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Fig. 5 Band C. Record B shows the greater activity on the side of the move- 
ment and the contra-lateral side in each record. Record C shows the decrease 
in the muscle-activity, as compared with that of a woman in the 6th month of 


pregnancy 








3 
a 














77 


Abdominal Muscles and Pregnancy 


a maximum towards the 6th month of pregnancy, and decreasing gradually with 
the approach of the termination of pregnancy. In raising both legs, all abdominal 
muscles contract, with no obvious difference found between the patterns of the 


non-pregnant and the pregnant. 


(b) Standing position 

(1) Resting discharge 

Fig. 6A, B and C show a resting state of a non-pregnant woman, gravida in the 
6th, and 9th month of pregnancy respectively in the standing position. In the 
non-pregnant (Fig. 6 A), the internal oblique is in a state of relative contraction. 
The amplitude of this resting discharge from the internal oblique is under 100uzV 
in most normal non-pregnant women, as described by Ono. In the pregnant, 
the resting discharge from the internal oblique increases with the progress of 
pregnancy, reaching a maximum in the 3rd month of pregnancy, and its state 
continues unchanged up to the 6th month, decreasing gradually with the ap- 
proach of the termination of pregnancy. The external oblique muscle-activity 
hardly changes throughout pregnancy, being almost the same as that of the non- 


pregnant woman. 
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Fig.6 A, Band C. The relatively greater activity in the internal oblique, and 
the relative inactivity in the external oblique are seen in the non-pregnant 
The resting discharges from the internal obliques in the 6th month of pregnancy 
(B) are increased, as compared with those of the non-pregnant: In the 9th 


\ 
40" naenpprtm-perctannorcetio! 
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month of pregnancy (C), they are slightly decreased. The resting discharges 
from the external obliques are nearly constant throughout pregnancy 
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(2) Standing position and intra-abdominal pressure raising 

Similar patterns for raising the intra-abdominal pressure are found in both 
supine and standing position. Further, the fluctuation in the muscle-activity 
with the progress of pregnancy is seen to be similar to that in the supine position. 


DISCUSSION 


In the non-pregnant, the pattern of muscle-activity during any one movement 
was proved to be about the same as that observed by Floyd and Silver (1950) 
and Ono (1958). In the pregnant, a tendency towards the involvement of all 
abdominal muscles in various movements was found generally with the progress 
of pregnancy, which tendency was not observed in the non-pregnant. And in 
muscle-activity, an increase was observed in the first half of pregnancy in all 
abdominal muscles, while a decrease in the muscle-activity, especially in the 
obliques, was noticed in the latter half of pregnancy. Takano, using the needle 
electrode, has reported that the muscle-action potentials recorded from the 
internal oblique and rectus muscles decrease with the progress of pregnancy, and 
that, when any movement is made, the muscle-action potentials are not found 
in the latter half of pregnancy. He has also stated that the decrease in the 
muscle-activity depends upon the increase in the progesterone secreted from the 
ovarium. By what is this difference between the two results caused? This 
may be due to a difference in the electrodes employed. In general, the amplitude 
in the case of the surface electrode method is much larger than that in the case of 
the needle electrode method, and the surface electrode may pick up less muscle- 
action potentials than the needle electrode. 

First, by comparing the pattern of activity in the pregnant with that in the 
non-pregnant, the present author will deal with the developing involvement of 
all abdominal muscles in various movements, and the increase in the muscle 
activity in the first half of pregnancy. As described by Floyd and Silver, in 
the non-pregnant, the rectus participates in a general flexion movement as.-a 
flexor or a fixator of the thorax in a supine position, and also in a general exten- 
sion movement or in a contraction of the extensor of the trunk as an antagonist 
thereof. The oblique, in any movement which involves a raise of intra-abdominal 
pressure, contracts and prevents bulging of the anterior abdominal wall with the 
transverse; the oblique and transverse maintaining the integrity of the rectus 
part of the anterior abdominal wall; and rectus itself occupying a secondary place 
only. In the pregnant, the gravid uterus enlarges with the progress of pre- 


gnancy, so that intra-abdominal pressure is gradually raised. Therefore, in any 
movement which involves a raise of intra-abdominal pressure, the oblique and 
transverse are contracted more strongly than those in the non-pregnant; especially 
the internal oblique contracts more markedly by the addition of a stretch reflex 
to its contraction, which is caused by maintaining the integrity of the rectus 
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part of the anterior abdominal wall of the internal and external obliques, so that 


the rectus may be contracted thereby as a stretch reflex. In this way, a 
tendency towards the involvement of all abdominal muscles in the movement is 
observed with the progress of pregnancy, and an increase in muscle-activity is 
found in the first half of pregnancy. Similarly, in the case of other movements, 
the obliques and transverses always contract as “an antigravity muscle” or ‘“‘an 
antibulging muscle of the anterior abdominal wall’. Their contraction becomes 
more marked due to the increase in intra-abdominal pressure with the enlargement 
of the gravid uterus. Especially the internal obliques are more markedly con- 
tracted, due to a stretch reflex which is added to their contraction by the re- 
latively hard enlarged gravid uterus. Therefore, the recti are stretched by this 
enlarged gravid uterus, maintaining the integrity of their part of the anterior 
abdominal wall by the obliques and transverses, so that the recti may be con- 
tracted thereby as a stretch reflex. That is to say, in this way, a tendency towards 
the involvement of all abdominal muscles in various movements is found with the 


progress of pregnancy 


An increase in the muscle-activity is also observed in 
the first half of pregnancy. This contraction in all abdominal muscles, on the 
other hand, may be favourable to resting or fixing the gravid uterus. 

Second, the present author will deal with the decrease in muscle-activity, 
especially in the obliques, in the latter half of pregnancy. This decrease in 
muscle-activity in various movements was also observed likewise in a patient 
suffering from large intra-abdominal tumor or ascites®’. Prochownik (1886)?°, 
Bossi (1903)"), Borgbjarg and Fischer (1906)!2’, Strautz (1927)'*) and Takahashi 
(1950)! have reported on the diastasis of the abdominal wall muscles during 
pregnancy. Further, Prochownik, Strautz, and Takahashi have stated as fol- 
lows ; in the pregnant, not only the diastasis of the abdominal wall muscles, but 
also their flatness and the reciprocal separation of the abdominal wall muscle 
fibres are caused by the overextension of the abdominal wall with the enlarged 
gravid uterus. Therefore, m the thus flattened muscles, the numbers of 
neuromuscular unit (NMU) which could be picked up into a unit surface electrode 
were less than those from the normal muscles, the muscle-action potentials being 
smaller than those from the normal muscles. As described by Takano and 
Takahashi, the muscle-activity during pregnancy must, of course, be affected 
by sexual hormone, though, for this reason, their reduction in the latter half of 
pregnancy may be caused mainly by the decrease in NMU which are picked up 


from the muscle into a unit surface electrode. 
SUMMARY 


The patterns of activity in various movements and resting discharge in 
supine and standing positions, in 51 pregnant women, in gravida in the 2nd—10th 
month of pregnancy, aged 20-37 were electromyographically investigated, with 
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11 non-pregnant women in parity 0-1, aged 21-46 for comparison. The results | 


obtained from this experiment were as follows. 


A tendency towards the involvement of all abdominal muscles in various 


movements was noticed with the progress of pregnancy, which tendency was 


not observed in the non-pregnant. 


An increase in the muscle-activity was observed in the first half of pre- 


gnancy in various movements, while a decrease in the muscle-activity, especially 
in the obliques, was found in the latter half of pregnancy in various movements. 


Takano has reported that muscle-action potentials for various movements 


are not found in the latter half of pregnancy using a needle electrode, although the 
present author could observe those in the latter half of pregnancy by using a 


surface electrode. 
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Electromyographic Studies of Influence of Pregnancy 
on Activity of the Abdominal Wall Muscles 


II. An Analysis of the Patterns of Activity of the Abdominal 
Wall Muscles in Nullipara or Primipara and Multipara 


By 
Torao Hatami 
From Prof. T. Mak@s Surgical Clinic, School of Medicine, 
Tohoku University, Sendai 


(Received for publication, May 2, 1961) 


In the previous paper’, an electromyogram of the abdominal wall muscles 
in the pregnant was reported. The problem of the variation of the muscle- 
activity of the abdominal wall muscles in multipara, that is to say, whether the 
variation can be caused by the overextension of the abdominal wall throughout 
pregnancy with enlarged gravid uterus after frequent deliveries, has been an 
important problem in the field of gynecology. Here is studied electromyo- 
graphically the abdominal wall muscle-activity in the multipara, especially 
antigravity function of the internal obliques, with that in the nullipara or 
primipara for comparison. 


METHOD 


The apparatus, technique and procedure here employed were the same as 
those described in the previous paper. The subjects were as follows: 11 para 


0-1, aged 21-46 ; 10 para 4-6, aged 36-48; 8 para 7-10, aged 51-72. 


RESULTS 
(a) Supine position 

(1) At rest 

No muscle-action potentials could be recorded from any muscles in either 
nullipara, primipara or multipara. 
(2) Head raising 

Figs. 1A, 1B, and 1C show the patterns of activity of para 1, para 4, and 
para 9, respectively for raising the head. A decrease in the activity of the recti 


and internal obliques is found accompanied by the increase in number of parity 
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The activity of the external obliques is unrelated to the number of parity, and 
is almost constant. 
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Fig. 1 A. The left half shows a resting state of a para 1 in the supine 
position. The right half shows the muscle-action potentials demonstrating the 
pattern of activity for raising the head. 
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Fig. 1 Band C. Records B and C show the patterns of activity of para 
4 and 9 respectively for raising the head. Note the decrease in the activity of 
the recti and internal oblique, as compared with that of the para 1. This is 
particularly noticeable in para 9. The activity of the external oblique is almost 
unchanged. ' 


(3) Intra-abdominal pressure raising 

Figs. 2A, 2B, and 2C show the movement patterns of para 1, para 5, and 
para 9 respectively for raising the intra-abdominal pressure. A tendency to a 
decrease in the activity of the internal and external obliques was found, generally 
accompanied by the number of parity as shown in Figs. 2A, 2B, and 2C. 


(4) Coughing 
Fig. 3A, 3B, and 3C show the movement patterns of para 1, para 4, and para 9 
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Raising thelintra-abdominal pressure 
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Fig. 2A. The left half shows a resting state of para 1. The right half shows 
the pattern of activity for raising the intra-abdominal pressure 
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Fig. 2B and C. Records B and C show the movement patterns of para 
4 and 9 respectively for raising the intra-abdominal pressure. Note the de 
crease in the activity of the internal oblique. It is particularly noticeable in 
para 9. The activity of the external oblique is almost unchanged 


respectively for coughing. The patterns are similar to those for raising the intra- 
abdominal pressure. A decrease in the activity of the internal obliques, and a 
constancy in the activity of the external obliques were found, accompanied by 
an increase in number of parity. 
(5) Leg raising 

Figs. 4A, 4B, and 4C show the movement patterns of para 1, para 4, and 
para 9 respectively for raising the legs. Each left half shows the right leg only 
raised, with hips flexed at 45° above the horizontal, each right half, the left leg 
raised to the same extent. A decrease in the activity of the internal and ex- 


ternal oblique on the side of the movement was demonstrated, according to an 

















Figs. 5A, 5B, and 5C show the resting discharge of para 1, para 4, and para 
7 respectively, in a standing position. 
the internal obliques was found accompanied by an increase in number of parity. 
On the contrary, a tendency to a decrease in the resting discharge from the ex- 


Fig. 3 A, 
para 1, 4 and 9 respectively for coughing 
the internal oblique. It is particularly noticeable in para9. The activity of the 
external oblique is almost unchanged 


increase in number of parity. 
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Band C. Records A, B and C show the movement patterns of 
Note the decrease in the activity of 


was also demonstrated, according to an increase in number of parity. 


(b) Standing position 


ternal obliques was also found in para 7-10 group. 


in each record. This is particularly noticeable in the internal oblique 
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Note the relatively greater activity on the side of the movement 


This is particularly noticeable in para 7-10. 
Similarly, in raising both legs, a decrease in the activity of all abdominal muscles 


An increase in the resting discharge from 
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Fig. 4 B and C 
external obliques, as compared with those of para | 
noticeable in para 9. 
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1 in standing position 


DISCUSSION 


Various movement patterns and resting discharges 


group, both in supine and standing position. 


group, a tendency to decrease in muscle-activity has already been perceived in 
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Raising !. leg 


a 


ae 


Note the decrease in the activity of the internal and 


This is particularly 


Muscle-action potentials to show the pattern of activity of para 


were studied in each 


In a general way, in the para 4-6 


various movements, while in the para 7-10 group it is more demonstrable. 
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Fig. 5 B and C. Records B and C show a resting state of para 4 and para 
7 respectively in the standing position. Note the increase in the resting dis- 
charge from the internal oblique, as compared with that of para 1. This is 
particularly noticeable in para 7 


the other hand, a tendency to increase in the resting discharge from the internal 
obliques as an antigravity muscle in standing position has been noticed before 
in para 4-6 group, and this tendency to increase is more demonstrable in para 
7-10 group. 

First, the present author will deal with a decrease in the muscle-activity ac- 
cording to the increase in number of parity in various movements. Takano 
(1958)? has recently reported the K and T-curves of the bulbocavernosus muscle 
in para 3 as compared with that in para O, and has stated the following opinion : 
Both K-curve and T-curve were found leaning more to the right than that in 
para O. A decrease in spike discharges along the K-curve and an increase in 
those along the T-curve were also noticed, by comparison with those along the 
K and T-curve in para O. Conjecturably, this has some connection with a de- 
crease in the tonicity of the abdominal wall muscles in multipara. However, 
in the abdominal wall muscles, this is likely to happen due to the overextension 
of the abdominal wall during each period of frequent pregnancies. The am- 
plitude of kinetic N M U is larger than that of tonic N M U. Consequently, the 
amplitude, which can be summed up algebraically as a vector summation into 
a unit surface electrode in the action potentials of active motor units in the 
muscle, must be much less than that in nullipara or primipara. On the other 


hand, the studies on the problem from other points of view by Landau (1885), 
Prochownik (1886)*), Strautz (1927)®) and Takahashi (1954)* attracted the at- 
tention of the present author. Landau has reported that loss in the tonicity of 
the abdominal wall muscles is clinically found in multipara ; Prochownik also 
reported that its decrease and a pressure atrophy in the abdominal wall muscles 
were noticeable in multipara. Strautz histologically observed the abdominal 
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wall muscles in multipara and reported the following findings; (1) hypertrophy of 
the muscle fibres. (2) rupture and cicatrization of the muscle fibres, (3) degenera- 
tion and regeneration of the muscle fibres, (4) increase of interstitial connective 
tissues, (5) segmentation of the nucleus, fissure of the muscle fibres, waxy de- 
generation of the muscle fibres, vacuolar degeneration of the muscle fibres and 
muscle fibres at unmature state. Likewise, Takahashi also reported histologically 
similar findings to those obtained by Strautz. Hobbs (1938)?’, Thomas (1943), 
Dawson (1944), Liggett (1944)!®, Rose (1946)', Arismendi (1949)'?) and 
Hammar (1954)!*) reported a case of hematoma formation of the recti or 
the rupture of the hematoma in the pregnant, but stated that these phenomena 
appear very rarely. However, judging from the facts mentioned above, it 
appears to the present author that a small hematoma formation or its rupture 
without acute symptoms could be found more often than not. The facts mention- 
ed above will be found corresponding closely with the results obtained from this 
experiment. 

Second, the present author will deal with the downward displacement of 
the intra-abdominal viscera and an increase in resting discharge in the internal 
obliques as an antigravity muscle. The loss or decrease in the tonicity of the 
abdominal wall muscles was mentioned above. Furthermore, Landau also has 
presented the following opinion on the loss or decrease in the tonicity in 
multipara ; in the state of the loss or decrease in the tonicity of the muscles, the 
abdominal wall is lax. Consequently, the intra-abdominal cavity, that is, the 
intra-abdominal lumen but not including the intra-abdominal viscera, increases 
more markedly than that in a normal state, intra-abdominal pressure being 
decreased, and the movability of the intra-abdominal viscera is raised more than 
that in a normal state. This state is described as “‘a preparatory state to 
visceroptosis” by Landau. On the other hand, Prochownik (1886), Halban 
and Seitz (1927)'?) and Takahashi (1954) reported the diastasis of the abdominal 
wall muscles or pelvic floor muscles in multipara. They all emphasized that 
in an incomplete recovery case the pendulous belly, abdominal wall hernia, and 
prolapsus of the genital organs are caused by the diastasis. Consequently, the 
intra-abdominal lumen is enlarged further and further by the diastasis of the 
abdominal wall muscles and pelvic floor muscles, and the movability of the intra- 
abdominal viscera is more markedly increased by the powerful decreasing of intra- 
abdominal pressure. Thereupon, when the subject in this preparatory state 
to visceroptosis stands up, the intra-abdominal viscera fall downward ; the gravity 
acting upon the viscera is balanced with the visceral supports, intra-abdominal 
pressure, and the contraction of the abdominal wall muscles, especially the internal 
obliques. This contraction of the internal obliques, that is, resting discharge, 
is caused by the gravity acting upon the intra-abdominal viscera as “‘a stretch 


reflex”. According to the report by Ono"), the amplitude of the resting dis- 
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charge from the internal obliques in the standing position is below 100 »V in the 
normal, over 100 ~V in a visceroptotic subject. In this experiment, the 
amplitude in para 4-6 group was over 100 ~V. In this way, the downward dis- 
placement of the intra-abdominal viscera was caused by the laxation of the 
abdominal wall muscles without symptoms of visceroptosis in multiparas. 


SUMMARY 


The patterns of activity in various movements and resting discharge, both 
in supine and standing position, in 18 multipara, aged 36-72, were electromyo- 
graphically investigated, with those in 11 nullipara or primipara, aged 21-46, 
for comparison. The results obtained from this experiment were as follows : 

1. A decrease in the muscle-activity in various movements was found ac- 
cording to an increase in number of parity. 

2. The amplitude of the resting discharge in the internal obliques as an 
antigravity muscle in a standing position is raised according to an increase in 
parity. The amplitude of the resting discharge in the internal obliques over 
100 7V was found in many multipara. This increase in the resting discharge 
from the internal obliques was particularly noticeable in over-7-times multipara. 
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INTRODUCTION 


The placenta is known to excrete a large quantity of estrogen, but there are 
as yet many points of question in the mechanism of elaboration in the placenta 
of estriol making up the largest part of estrogen. This estriol has been looked 
upon as the metabolic endproduct, so that its biological activity has drawn little 
attention, till quite recently, the experiments by Puck and Hiibner’’?*) revealed 
its noteworthy specific activity. Accordingly, with the aim of studying the 
biosynthesis and the biological activity of estriol in the placenta, the author 
undertook the following study. 


MATERIALS AND METHODS 


1) For evaluating estrogen in the placenta: Free, conjugated and protein- 
bound estrogens were extracted from 100 g. of sliced fresh fullterm placenta, by 
Mitchell and Davis’? method, and estrone, estradiol-17P and estriol in the extract 
were partitioned by means of column chromatography and paper chromatography 
and estimated by fluorometry. 

2) For evaluating estrogen in urine: Estrogen was extracted from 50 ml. 
of urine sampled from urine pooled through 24 hrs., by a modified Suzuki and 
Mori’s®) method, partitioned by column chromatography and estimated by 
fluorometry. 

3) For evaluating estrogen in blood: The blood samples were taken from 
the cubital vein of non-pregnant, full-term pregnant and puerperal women, 
from the umbilical cord immediately after delivery of child and from the umbilical 
cord artery and vein separately by Kawahara’s*) method. Free and protein- 
bound estrogens were extracted from 10 ml. of serum prepared from the blood 
samples, partitioned by column chromatography and estimated by fluorometry. 

4) For evaluating estrogen in amniotic fluid and meconium: Free and 


conjugated estrogens were extracted from 100ml. of amniotic fluid and 10g. 
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of meconium, using the above method for extraction from blood, for partition 
and estimation. 

5) Incubation: For studying the intraplacental biosynthesis of estrogen, 
sodium acetate-1-C', cholesterol-4-C™, progesterone-4-C™ and testosterone-4-C"! 


TaBLE I. Concentration of Estrone, Estradiol-178 and Estriol in Urine. 
All Values Are Expressed as yg. per Day. 





, Number ? : Estriol 
Jrine e us > | Estre 7 dstr ; 
Urine source lead Estrone | Estradiol 178 Estriol | Estrone+Estradiol-17 4 

Non-pregnant 5 12.74 7.75 9.32 0.47 
women ' + 3.00 + 1.80 +2.69 
Full-term pre- 10 38.10 125.40 16,179.20 115.90 
gnant women + 19.42 +50.64 8,872.06 
Puerperal 10 17.24 99.26 13.20 0.13 
women + 4.13 +56.42 +4.17 


TABLE II. Concentration of Estrone, Estradiol-178 and Estriol in Blood. 





Weusier af Free estrogen | Protein- 
Source cron tte | | 
ss aaaaiaiata _Estrone Estradiol-178 Estriol | Estrone 
Blood in follicular 5 0.81 0.22 0.24 0.41 
phase : +0.153 +0.052 +0.067 +0.090 
Blood in luteal 5 0.48 0.20 0.20 0.30 
phase E +0.153 +0.072 | 40.067 +0.217 
0.96 0.34 0.45 0.59 
Maternal blood 10 +0.258, 40.138 | 40.125) 40.272 
. 0.68 0.25 0.42 0.69 
Cord blood 10 40.311, 40.110 | 40.190 +0.288 
0.94 0.26 0.19 0.57 


Blood of puerpera 


Oo 
bg 
> 
a 
o 


40.065 | 40.055) +0.200 


TaB_eE III. Concentration of Estrone, Estradiol-178 and Estriol in Arterial and 





Number of Free estrogen Protein- 


Source * 
specimens 


Estrone Estradiol-178 Estriol | Estrone 


Arterial cord blood 5 batches : ara , ser F Ay | 10005 
of 7 . ; ; 
0.53 0.25 0.24 | 0.42 


Venous cord blood 27 babies 40.148 +0.062 40.084 | 40.074 


TaBLE IV. Concentration of Estrone, Estradiol-178 and Estriol 
as pg. per 100 ml. of Amniotic Fluid 





Number of 
specimens 


Free estrogen Conjugated 
Source ; a 
| Estrone Estradiol 178) Estriol | Estrone | 


| 


1.50 0.99 0.60 1.42 
+ 0.156 +0.071 +0.142 | +0.047 


; “ 1.30 12.29 | 0.85 | 1.08 
Meconium 5 40.324 | +1181 | +0.248 | 40.271 


a 


Amniotic fluid 














n 
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were used and for studying the interconversion of estrogen in the placenta, 400 ug. 
each of estrone, estradiol-17 and estriol were used in this series of experiments. 
Ten ml. of Krebs-Ringer phosphate solution (pH 7.4), 1 g. of sliced fresh full- 
term placenta and the added hormone were placed in a 60 ml. flask, and incubated 
for 3 hours at 37°C in Warburg’s manometer, keeping the flask shaking at 
60 cycles per minute, then free estrogen was extracted by a modified Mitchell 
and Davis’ method and partitioned. Estimation of the fractions was made with 
a Geiger-Miiller counter in radiochemical experiment and Kober chromogen 
reaction as modified by Jayle?) in the experiments for evaluating the intraplacental 
interconversion of estrogen. 
RESULTS 
1) Concentration of estrogen in placenta : 
In the average of 8 specimens of placentae, the total content of free, con- 


All Values Are Expressed as pg. per 10 ml. of Serum. 





bound estroge Total estroge ae 
trogen lotal estrogen Estriol 


. , = ii ‘ ‘ % ‘ estrone+ Estradiol- 178 
Estradiol-178 Estriol | Estrone Estradiol-178 Estriol Esstr Estre 17) 


0.12 0.22 1.22 0.34 0.46 0.29 
+ 0.090 + 0.054 + 0.107 + 0.077 +0.093 

0.18 0.21 0.78 0.38 0.41 0.35 
+0.093 + 0.092 +0.301 +0.145 +0.143 

0.24 0.45 1.55 0.58 0.90 0.42 
+0.072 +0.286  +0.406 +0.196 + 0.363 

0.22 1.42 1.36 0.47 1.84 1.02 
+ 0.039 +0.361 +0.448 +0.117 +0.465 

0.29 0.18 1.51 0.55 0.37 0.18 
+0.126 +0.074 | +0.221 +0.183 +0.114 


Venous Cord Blood. All Values Are Expressed as pg. per 10 ml. of Serum. 





bon , Tots sstroge i 
ound estrogen Total estrogen Estriol 


Estradiol-17¢ Estriol | Estrone Estradiol-178 Estriol | Estrone+Estradiol-178 





0.26 1.20 0.98 0.54 1.41 0.92 
+ 0.051 t 0.380 +-0.191 tO.115 +-0.310 ‘<o 
0.28 0.99 0.95 0.53 1.23 0.83 
+0.072 t0.374 +0.159 t0.101 +0.356 o 
in Amniotic Fluid and Meconium. Any of Values Are Expressed 
and per 10 g. of Meconium. 
estrogen Total estrogen Estriol 


Estradiol-178 Estriol | Estrone Estradiol-178 Estriol Estrone+ Estradiol-17s 


~ 


1.34 0.62 


2.92 2.23 1.22 i” 

— 0.076 +0.182 +0117 — +0.206 0.25 
14.47 5.59 a 

+ 11.850 5.630 0.25 














92 M. Hirano 


jugated and protein-bound estrogen consisted of 12.22+5.38 wg. of estrone, 
5.48+ 1.62 wg. of estradiol-178 and 14.32+5.02 yg. of estriol per 100g. of fresh 
placenta, the last item being found in the highest concentration. 

2) Fluctuation of estrogen in urine in pregnancy and labor : 

Estrogen excreted in urine changed as shown in TABLE I. In the last stage 
of pregnancy, estriol increased very perceptibly but fell nearly to the level of its 
excretion in non-pregnants in 72 hrs. after labor. 

3) Fluctuation of estrogen in blood in pregnancy and labor : 

The results are shown in Taste II. In follicular phase, free estrone showed 
high concentration but estradiol-17$ and estriol showed nearly equal con- 
centration in the follicular as well as the luteal phase. In the last stage of pre- 
gnancy, estrone, estradiol-17f and estriol increased all, estriol in particular rising 
to about twice the value in non-pregnants. Free estrone and estradiol-17P were 
in higher concentration in maternal blood than in cord blood, while in the latter 
protein-bound estriol existed in very high concentration, so that the total estriol 
content was 0.90+0.363 wg. in 10 ml. of maternal serum and 1.84+ 0.465 jg. 

this value is more than twice the former in 10 ml. of serum from cord 
blood. Estrogen in blood of puerperal women was found to show a perceptible 
decrease of estriol in 72 hrs. after labor. The results of partition-estimation of 
estrogen in 27 samples of arterial and venous cord blood sampled s2parately and 
pooled into 5 batches are given in TaBLe III. No perceptible difference was found 
in estrogen content in arterial and venous cord blood, except that protein-bound 
estriol was in slightly higher concentration in the former. 

4) Estrogen in amniotic fluid and meconium : 

The measured contents of estrogen in 100 ml. of amniotic fluid and 10 g. 
of meconium are shown in TABLE IV. 

5) Biosynthesis of estrogen in placenta : 

When 1 g. of placental slices was incubated with 10 ue of cholesterol-4-C™ 


TaBLE V. Radioactivity of Estrone Fraction after Incubation of 
Placental Slices with 10 ue of Cholesterol-4-C'4, and Effect 
of Pregnant Mare Serum Gonadotrophin (PMS) and Human 


° : I, . ‘ a) 
Chorionic Gonadotrophin (HCG) on This Process. 





; Added gonadotrophin 
No. of experiment 


PMS 500 i.u. HCG 500i.u. 


c. p. m. c. p. m. c. p. m. 
l 34 4 
2 46 56 
3 37 36 
+ 36 46 


Mean 38 48 38 
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and 5 mg. of cholesterol, conversion of cholesterol into estrone took place, as 
shown in TaBLE V. Incubation of 1g. of placental slices with 10ye of 
progesterone-4-C™ and 5 mg. of progesterone entailed conversion of progesterone 
into estrone, as shown in TABLE VI, and the same with 5 uc of testosterone-4-C"™ 
and 2mg. of testosterone, conversion of testosterone into estrone even more 
active than in the cases with cholesterol and progesterone above was observed 
(TasLe VII). Incubation with sodium acetate-1-C™ produced no conversion into 
estrone. In any of the above incubation, gonadotrophin showed no particular 
effect. 
TaBLE VI. Radioactivity of Estrone Fraction after Incubation of 

Placental Slices with 10 ue of Progesterone-4-Cl4, and Effect of 

Pregnant Mare Serum Gonadotrophin (PMS) and Human Chorio 

nic Gonadotrophin (HCG) on This Process. 





Added gonadotrophin 
No. of experiment 
PMS 500i. u. HCG 500i. u. 


c, p.m. Cc. p- m. Cc. p- m. 
l 126 180 
2 160 166 
3 122 124 
4 124 180 
Mean 133 173 152 


TaBLE VII. Radioactivity of Estrone Fraction after Incubation 
of Placental Slices with 5 ue of Testosterone-4-C™, and Effect of 
Pregnant Mare Serum Gonadotrophin (PMS) and Human Chorionic 
Gonadotrophin (HCG) on This Process. 





; Added gonadotrophin 
No. of experiment 
PMS 500i. u. HCG 500i. u. 


c. p. m. c. p. m. c. p. m. 
l 188 496 
2 488 392 
3 434 456 
4 394 308 
Mean 376 444 382 


6) Interconversion of estrogens in placenta : 
When 1 g. of placental slices is incubated with 400 ug. of estradiol-17f in 
Krebs-Ringer phosphate solution, as shown in Tastes VIII and IX, 13-16% of 
estradiol-17 8 were converted into estrone, but no conversion into estriol took 
place. When 400yg. of estrone was used in similiar incubation, 3% of estrone was 
converted into estradiol-17£ but none into estriol (TABLES X and XI). No effect 
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TasLe VIII. Interconversion of Estrogen after Incubation of 
Placental Slices with 400 ug. of Estradiol-178, and Effect of 
Pregnant Mare Serum Gonadotrophin (PMS) on This Process. 





Added hormones 


r = — Estradiol-178 400yg. 
No. of Estradiol- 1 ip 400ug. and PMS 200i.u. 
experiment 
Converted to Converted to Converted to Converted to 
estrone estriol estrone estriol 
ng. Lg Hg. Bg. 
1 51.4 4.0 62.4 2.0 
2 45.2 6.2 56.4 2.0 
3 68.0 7.8 80.0 5.4 
4 65.6 6.8 66.2 11.6 
5 40.4 7.4 71.0 4.0 
54.1 6.4 67.2 5.0 
Mean 410.95 £1.33 6.57 43.17 
TaBLeE IX. Interconversion of Estrogen after Incubation of 


Placental Slices with 400 ng. of Estradiol-17A8, and Effect of 
Human Chorionic Gonadotrophin (HCG) on This Process. 





Added hormones 


Estradiol-178 400 pg. 


Fe Estradiol-178 400 yg. and HCG 500i.u. 
Converted to | Converted to Converted to | Converted to 
estrone estriol estrone estriol 
, g y 
1 $2.0 my i 76.8" 8.6 
2 54.6 3.0 64.8 3.0 
3 47.2 3.0 52.4 8.6 
4 87.6 9.6 73.8 2.8 
5 61.4 3.6 52.2 5.6 
ear . 2 sa 
Mean £15.65 n 257 10.33 4355 





was shown by gonadotrophin in these experiments, except that pregnant mare 
serum gonadotrophin acted in slightly accelerating the conversion of estradiol-17/ 
into estrone. When 2g. of placental slices was incubated with 400 yg. of 
estradiol-17f or estrone in 10 ml. of serum from full-term pregnant women, as 
shown in TasLe XII, about 13% of estradiol-178 was again converted into 
estrone, quite as after incubation in Krebs-Ringer phosphate solution, but none 
into estriol. On the other hand, conversion of estrone into estradiol-17B was 
accelerated to about twice that in Krebs-Ringer phosphate solution, and even 


conversion of 3.8°% of estrone into estriol could be observed after incubation in 





mm 
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TaBLE X. Interconversion of Estrogen after Incubation of Placental 
Slices with 400 ng. of Estrone, and Effect of Pregnant Mare 
Serum Gonadotrophin (PMS) on This Process. 





Added hormones 


Estrone 400 ug. 


No. of ; " Pa t 
; Estrone 400 yg. and PMS 200i.u. 
experiment 
Converted to Converted to Converted to Converted to 
estradiol- 178 estriol estradiol 17, estriol 
pg. Peg. Hg. Mg. 
l 12.0 9.6 20.2 7.6 
2 15.4 4.0 22.0 6.8 
¢ 16.6 8.6 13.6 6.0 
4 14.6 4.4 12.0 4.8 
5 15.0 4.0 11.0 6.8 
14.7 6.1 17.1 6.4 
Mean +1.51 $2.45 +4.67 £0.94 


TaBLeE XI. Interconversion of Estrogen after Incubation of Placental 
Slices with 400 ng. of Estrone, and Effect of Human Chorionic 
Gonadotrophin (HCG) on This Process 





Added hormones 


Estrone 400ug. and 


No. of tstrone 400 xg. HCG 500i.u. 
experiment 
Converted to Converted to Converted to Converted to 
estradiol-178 estriol estradiol- 178 estriol 
pg. eg. peg. pg. 
l 10.8 , 4.0 12.2 4.6 
2 13.2 2.2 14.0 4.4 
3 11.0 2.0 13.2 2.0 
4 10.0 4.0 11.4 2.6 
5 11.2 5.2 15.8 2.0 
: 11.2 3.5 13.3 3.0 
Mean +0.10 £1.21 L151 LLLS 


serum from pregnant women (TaBLeE XIII). When 400g. of estriol was used 
in the incubation with lg. of placental slices in Krebs-Ringer phosphate 
solution, 509% of it was recovered unchanged and no conversion into estrone or 
estradiol-17B took place. 

7) Biological effects of estriol : 

The catabolic activity of estrone, estradiol-17$ and estriol was estimated 
in male Wistar-strain rats of 30-40 g. in body weight by Eisenberg and Gordan’s*? 
method as modified by Hershberger, Shipley and Meyer®). As shown in 


TABLE XIV the seminal vesicle was enlarged to about 4-folds that in control 
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TaBLe XII. Interconversion of Estrogen after Incubation of Placental le 
Slices with 400 ng. of Estradiol-178 in Serum from Pregnant Women. r 
| Solution for incubation 
No. of 10 ml. of Krebs-Ringer 10 ml. of serum from ? 
‘ } phosphate solution pregnant women I 
experiment | 
Converted to Converted to Converted to | Converted to t 
estrone estriol estrone estriol . 
vg. pg. ug. ug. 
1 39.8 5.6 
2 40.4 7.6 
3 51.4 3.6 96.0 2.6 
4 32.0 5.2 
5 60.2 4.2 
‘ 53.7 5.0 
Mean 51.4 3.6 23-01 41.29 
TaBLeE XIII. Interconversion of Estrogen after Incubation of Placental 
Slices with 400 yg. of Estrone in Serum from Pregnant Women. 
Solution for incubation 
No. of 10 ml. of Krebs-Ringer 10 ml. of serum from 
; phosphate solution pregnant women 
experiment 
Converted to Converted to Converted to | Converted to 
estradiol- 178 estriol estradiol- 178 estriol 
ug. ug. Hg. ng. 
l 25.0 13.2 
2 33.2 8.0 
‘ 11.0 3.0 40.0 22.0 
4 27.0 14.0 
5 25.6 18.2 
; ; 28.1 15.1 
Mean l 1.0 3.0 } 6.03 +4.64 
Taste XIV. Effect of Estrogens on Growth of the Seminal Vesicle, the j 
Prostate and M. levator ani. 0.5 mg. of Estrone, Estradiol-178 
and Estriol Were Administered Daily for a Week. | 
Administered | Number of Seminal “eee one ; 
estrogen asia aan Prostate M. levator ani 
mg. mg. | mg. 
Control 15 8.0+0.9 8.2+4+2.0 8.041.3 
Estrone 6 33.0+44.2 9.6+1.8 6.0+0.6 
Estradiol 178 6 35.243.3 9.8+3.3 7.3841.7 
Estriol 6 34.645.0 8.3409 | 8.041.3 


animals after treatment with any of the hormones, but the prostate was only 


slightly enlarged after estrone and estradiol-17$ but not after estriol. M. 
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levator ani tended to diminish in weight after estrone and estradiol-17f but 
remained unaffected after estriol. 

Next, the effect of estriol on the oxygen consumption of interbrain was 
studied in female Wistar-strain rats of 150-200 g. in body weight by Sasano’s'® 
method. As shown in TaBLe XV, the respiration quotient (oxygen consump- 
tion in pl./dry weight of tissue in mg./hr.) was found reduced after treatment 
with estriol. 

TaBLE XV. Effect of Estriol on the Respiration Quotient 


(Oxygen Consumption in «l./Dry Weight of Tissue in 
mg./hr.) of Interbrain. 





No. of experiment Control 20ug.of estriol administered 

l 7.16 6.07 
2 8.07 7.70 
3 10.96 7.08 
t 9.17 7.513 
5 8.53 7.93 

_— 8.78 7.258 

or + 1.07 + 0.63 


The effect of estriol on the action current of uterine muscles of castrated 
female Wistar-strain rats, as recorded by Ichijo and Ujiiye’s'”) method, was next 
examined. As shown in Fig. 1, after treatment with 100 yg. of estriol daily for 
3 days, both the amplitude and the frequency of the discharges were found 


increased, while in the controls, the current was feeble and sporadic. 


rc ttetrenttine 





b> quilt} 


Fig. 1. Electromyogram of the uterine muscle 
a: before and b: after treatment with estriol 


The change of the internal pressure of the uterine cervical canal was 
recorded, by insufflating it with oxygen from the side of the uterine cavity through 
a salpingo-insufflation kymographer connected to a cannula inserted near the 
cervical canal of pregnant Wistar-strain rats. As shown in Fig. 2, the in- 
tracanal pressure was found lowered or entirely gone after 3 doses of 100ug. daily 
of estriol. 

In the last place, the tonus of the vaginal wall was estimated with a mercury 





















98 M. Hirano 








b 
Fig. 2. Internal pressure of the cervical canal. 
a: before and b: after treatment with estriol. 


manometer connected to a rubber balloon inserted in the vagina of castrated 
female Wistar-strain rats of 150-200 g. in body weight. As shown in Fig. 3, the 


tonus was found heightened after continued estriol injection. 


DISCUSSION 

The author’s experiments have clearly demonstrated that, of the fractions of 
estrogen in urine and blood of pregnant women, estriol is present in much higher 
concentration than estrone and. estradiol-17f but rapidly decreases after labor. 
Estriol is extracted more abundantly from the placenta than estrone or estradiol 
178, apparently suggesting that estriol is not a mere metabolic endproduct of 
estrone and estradiol-17f but is separately biosynthesized within the placenta. 
Ryan and Engel"®) (1953), Pearlman et al.‘*) (1954) and Akasu et al.) (1957) 
incubated placentae with estrone or estradiol-17£ and observed conversion of 
estradiol-17B into estrone but no claboration of estriol, and Levitz et al.’ 
(1956) could not demonstrate biosynthesis of estriol after perfusion of the 
placenta. The present author incubated placental slices with estrone and 


estradiol-17B in Krebs-Ringer phosphate solution, but failed in eliciting 
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Fig. 3. Tonus of the vaginal wall 
a: before treatment with estriol 


conversion into estriol, even after addition of gonadotrophin, but when the incuba- 
tion was made in serum of pregnant women, conversion from estrone into 
estradiol-178 was heightened and even estrone—estriol conversion could be 
observed. Ryan’*) incubated placenta with 4°-androstene-38, 16a, 17-triol 
and reports that 27% of this precursor was converted into estriol. Accordingly, 
it is inferred that estriol is produced by 1) conversion from estrone and estradiol 
17B, 2) aromanization of 19-hydroxylated androgen including 4°-androstene-3£, 
l6a, 17f-triol, and 3) direct biosynthesis from intraplacental acetate and 
cholesterol. 

In the above experiments, it was demonstrated that the intraplacental 
estrogen is synthesized from cholesterol, gestagen and androgen. Plotz'?) 
(1958) gave large doses of acetate-1-C* and cholesterol-4-C™ to pregnant women 
and found radioactive estrone excreted in their urine. Levitz et al.'*) (1955) 
perfused placentae with acetate-1-C*, and Plotz incubated the placenta with the 
same tracer and demonstrated intraplacental elaboration of estrone. Plotz also 
administered testosterone-4-C'* and progesterone-4-C' to pregnant women and 
proved excretion of radioactive estrone in their urine, while Meyer'® (1955) 
incubated the placenta with 4*-androstenedione and found estrone produced, 
thus demonstrating conversion of androgen and gestagen into estrogen. Ryan?®)?!) 
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(1958 and 1959) remarks that existence of microsomal fraction, TPNH and 
oxygen in the placenta is indispensable for enabling androgen to be converted 
into estrogen. In the present author’s experiments above, the results showed 
the order of cholesterol< progesterone < androgen in ratio of conversion, and is 
well reconcilable with the course of estrogen synthesis of acetate-cholesterol 
—»progesterone—androgen—estrogen suggested by Dorfman?*) (1959). 

Diczfalusy et al.**) (1957) reported that newborns excrete a large quantity 
of estriol in urine within 2 days after birth but no estrone or estradiol-17 p. 
Partition-estimation of estrogen in amniotic fluid revealed that it consists 
mainly of estriol (Diczfalusy & Magnusson,**) 1958), estrogen in meconium 
consists of sheer estriol (Diczfalusy et al.*°) 1959) and it is also reported that the 
fetal organs contain far more estriol than estrone and estradiol-178. Seeing 
that while a mature placenta contains not only estriol but also estrone and 
estradiol-17 8 in high concentration, the fetal organs, the amniotic fluid and the 
meconium contain only small quantities of estrone and estradiol-17 8, the major 
part of estrogen consisting of estriol, Diczfalusy opines that a fetus has a special 
metabolic route, by which it is capable of converting estrone or estradiol—17 / 
into estriol thereby. Aitken et al.**) (1958) opined that the fetus has a specific 
process of metabolism, seeing that while the estrogen in cord blood mainly 
consists of estriol, that in the maternal blood and the placenta is mainly made of 
estrone and estradiol-17£. Engel et al.?”) (1958), using slices of the liver, proved 
that estradiol-17# is convertible into estriol. 

The present author found little difference in estrogen content between arterial 
and venous cord blood, except that protein-bound estriol was in slightly higher 
concentration in the former. The amniotic fluid and the meconium also showed 
high concentration of estrone and estradiol-17 £, besides estriol, and the lowness 
of the ratio of estriol/estrone+estradiol-17 also suggests the improbability of 
active metabolism of estrogen in the fetus. Brown and Zeugler®*) (1958) say 
that the liver of fetus is incapable of conjugation, which function is gradually 
perfected after birth. Such observations also seem to point in the direction of 
denying any specifically powerful metabolic function for estrogen in a fetus. 

The biological activity of estriol has been little attended to, for it has been 
looked upon as a mere metabolic endproduct of estrone and estradiol-17 £ hitherto. 
But since Puck and Hiibner!) (1956) reported that while estriol has indeed a 
lower activity against the endometrium than estrone and estradiol-17£, it acts 


specifically on the cervical canal, the vagina and the pubic symphysis, Overbeek 
and De Visser®*®’ (1958) and Borglin*®) (1959) have succeeded in following up the 
results, and the specific activity of estriol is also exploited for clinical purposes 
at present. 

With the aim of studying the effect of estriol on the fetus, its activity on 
the protein catabolism was examined ; it was found that this activity was weaker 
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than that of estrone and estradiol-17f. Estriol was also found to depress the 
oxygen consumption of the interbrain, suggesting that it acts suppressive on the 
diencephalo-hypophyseal system. In the electromyogram after treatment 
with large doses of estriol, the action current of the uterine muscles was found 
amplified, as after estradiol-17#, and if we recall the influence of estriol on the 
pressure of the cervical canal and the tonus of the vaginal wall, estriol is seemingly 
not a mere endproduct of estrone and estradiol-17£, but is a substance having 
a specific activity of its own in acting upon the cervical canal and the vagina, 
besides acting upon the uterus, like estrone and estradiol—17 #. 


SUMMARY 


With the aim of studying the biosynthesis and the biological activity of 
estrogen, particularly of estriol, in the placenta, and besides obtaining some 
informations on the metabolism of estrogen in the fetus, the present author con- 
ducted some experiments. The results obtained were in summary as follows ; 

1. The placenta contains estriol in a higher concentration than estrone 
and estradiol-17. 

2. Estriol in urine and blood increases remarkably during pregnancy but 
decreased to nearly normal value in 72 hrs. after labor. 

3. Estriol was found in higher concentration in the cord blood than in the 
maternal blood. 

4. No difference in partitive concentration of estrogens was found in arterial 
and venous cord blood. 

5. Estrone, estradiol-17$ and estriol were all in high concentration in 
meconium and amniotic fluid. 

6. In the placenta, estrone was found elaborated from cholesterol, 
progesterone and testosterone, but no conversion from sodium acetate to 
estrone could be proved. 

7. Interconversion of estrone to estradiol-178 and vice versa could be 
observed in the placenta but no effect of gonadotrophin was apparent in accelera- 
ting interconversion of estrone and estradiol-17f, except that pregnant mare 
serum gonadotrophin showed a slight effect on conversion from estradiol-17 £8 into 
estrone. 

8. When incubated in serum of pregnant women, however, conversion in 
the placenta from estrone to estradiol-17 was much more active than in Krebs- 
Ringer solution, and here conversion from estrone to estriol was also observed. 

9. Estriol was weaker in catabolic activity than estrone and estradiol- 
I7f. 
10. Estriol acted depressant upon the oxygen consumption of the in- 
terbrain. 

11. Estriol in large doses acted upon the uterine muscles, reduced the 
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pressure in the cervical canal sometimes to zero and heightened the tonus of the 


vaginal wall. 


1) 


°” 


4) 
5) 
6) 
7) 
8) 
9) 
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